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The  atUinnient  uf  scientific  truth  has  been  effected  to  a  great  extent  by  the  help 
of  scientific  error. — Jlusiey. 
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PREFATORY  NOTE. 


The  work  herewith  presented  i.s  in  part  an  outgrowth  of  a  series  of 
lectures  to  students  in  geology  in  Columbian  (now  (leorge  Washingf- 
ton)  University,  though  many  of  the  facb*  were  gathered  while  look- 
ing up  the  records  of  the  early  Government  surveys,  with  a  view  of 
ascertaining  the  final  disposition  of  their  collections.  No  idea  was  at 
first  entertained  of  putting  the  matter  in  book  form,  but  as  material 
gradualh'  accunuilated  the  advisability  of  making  it  a  })ermanent 
record  became  apparent.  On  the  supposition  that  it  was  a  desirable 
thing  to  do  at  all,  it  is  perhaps  fortunate  that  the  ideiv  of  a  fairly  con- 
secutive history  of  the  rise  and  progress  of  American  geology  was, 
like  the  science  itself,  a  matter  of  growth,  as  the  magnitude  of  the 
task  would  certainly  have  deterred  from  undertaking  it  one  whose 
main  opportunity  lay  in  the  improvement  of  odd  moments. 

As  to  the  mode  of  presentation  of  the  subject:  It  has  been  the 
writer's  desire  to  do  this  in  a  manner  such  as  should  show  not  merelv 
what  has  Wen  done,  bv  whcmi,  and  how  it  has  b(»en  done,  but  the 
gradual  growth  of  the  science  and  the  developnuMit  of  iK)wers  of 
ol>servation  and  deduction  as  well.  To  do  this  satisfactorily,  no  other 
arrangement  than  a  chronological  one  seemed  possible,  though  it  nuist 
1h»  confessed  that  a  topical  one  would  have  l>een  easier  to  handle  and 
could,  i)erhaps,  have  Imhmi  made  more  readable.  In  seveml  instances, 
indeed,  the  topical  treatment  has  l>een  adopted,  as  in  the  chapters  on 
the  Ek)zoon  and  theTaconic  (juestion.  Should  it  app(»ar  that  the  metho<l 
is  essentially  similar  to  that  adopted  by  Sir  Archibald  (ieikie  in  his 
Founders  of  (ieology,  the  writer  has  only  to  express  the  regret  that 
the  imitation  is  so  crude. 

Ijet  no  one  for  a  mom(»nt  feel  tliat  the  writer  has  called  attention  to  the 
ermrsand  crudities  of  observation  and  deduction  of  the  earlv  workers  in 
a  npirit  of  levity.  Far  from  that.  Th(»s(»  men  were  pioneers.  They  had 
HH'eived  little  or  no  preliminary  training  along  these  sjKvial  lines,  and 
had  access  to  but  few  books.  The  information  with  which  the  geolo- 
gic of  to-day  lM*gins  his  career  did  not  theii  exist,  and  an  effort  has 
here  lKM»n  made  to  show  bv  what  vears  of  toil  each  new  fact  has  Iwen 
ummrthed,  cleansed  of  the  debris  whi<*h  obseured  its  outlines,  and 
tnmsured  up  in  su<*h  form  that  it  is  now  iKjssible  for  the  student,  in  a 
few  short  3'eart»,  to  encomimss  the  garnerings  of  a  century. 
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Nor  must  it  be  thought  that  in  touching  upon  sundry  disputes, 
quarrels,  and  petty  jealousies  it  has  been  done  with  an  idea  of  belittling 
the  individual  in  any  wa^.  Indeed,  a  truly  able  man  is  not  belittled 
by  his  weaknesses.  To  appreciate  his  strength  we  need  to  know  his 
weakness.  These  were  but  men,  and  we,  who  are  weakly  human,  like  to 
recognize  in  them  human  traits — like  to  learn  of  their  errors  in  judg- 
ment and  wordv  warfares. 

Regarding  the  portraits,  it  may,  perhaps,  be  well  to  state  that  a 
special  effort  has  been  made  to  obtain  such  as  represented  the  individ- 
ual at  the  period  of  his  career  under  discussion.  This  has  naturally 
been  a  matter  of  some  difficulty,  and  in  some  cases  an  impossibility. 

A  large  part  of  those  here  reproduced  are  from  the  G.  Brown  Goode 
collection  in  the  National  Museum  and  the  private  collection  of  the 
writer.  For  assistance  in  securing  others  the  writer  is  indebted  to 
Prof.  W.  H.  Brewer,  Prof.  W.  B.  Clarke,  Dr.  W.  H.  Dall,  S.  F. 
Emmons,  Dr.  A.  C.  Peale,  T.  C.  Weston,  Gen.  A.  W.  Vogdes,  and 
others.  Acknowledgments  for  other  assistance  are  due  to  many,  but 
particularly  to  Prof.  Charles  Schuchert,  formerly  of  the  National 
Museum,  but  now  of  Yale  Universitv.  Miss  Lucv  M.  Graves  has 
rendered  valuable  assistance,  both  in  preparation  of  the  manuscript 
and  reading  the  proof. 
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CHAPTER  1. 

THE  MACLUREAN  ERA,  X785-X8X9. 

In  order  that  one  niay  fully  iippreciatc  the  conditions  under  which 
the  early  workers  in  geology  in  America  labored,  it  is  necessary  to 
refer  somewhat  briefly  to  foreign  workers  and  the  general  condition 
of  the  science  at  the  time  this  history  opens.  A  detailed  statement  is 
presumably  unnecessary,  the  subject  having  been  well  covered  by 
Lvell,«  (jeikie,*  and  Zittc^l/ 

The  literature  extant  at  that  time  was  not  large,  and  was,  moreover, 
for  the  most  part  quite  inaccessible  to  the  average  American  student. 
Libi-aries  were  few.  small,  and  far  between,  and  the  workers,  as  a  rule, 
men  of  moderate  means  who  studied  geology  as  a  recreation  or  when 
the  cares  of  their  professions  permitted. 

L)isregai*ding  the  cosmogonists — those  who,  to  use  a  popular  expres- 
sion, did  not  allow  what  few  facts  they  may  have  possessed  to  seri- 
ously hamper  the  flights  of  their  imaginations — mention  should  be 
made  of  the  writings  of  the  French  geologist,  (xfittard,  during  the 
period  1746-1 7^>5.  Guttard  studied  the  now  well-known  region  of 
the  Auvergne  in  centml  France,  recognized  the  volcanic  nature  of  the 
phenomena  there  displayed,  and,  though  he  fell  into  error  when  he 
attributed  their  origin  to  the  combustion  of  petroleum  or  bitumen, 
he  ma}',  nevertheless,  according  to  Doct<or  Geikie,  be  regarded  as  the 
founder  of  volcanic  geology.  Singularly  enough,  as  it  seems  to-day, 
he  failed  to  recognize  the  connection  between  volcanoes  and  basalt, 
and  attributed  the  latter  to  crystallization  from  an  a<iueous  solution. 
Guttard's  papers  were  for  many  years  lost  sigrfat  of,  but  their  value 
and  interest  have  of  late  been  nmde  apparent  by  the  author  above 
quoted.  Desmarest,  who  followed  Guttard,  corrected  this  error  in 
his  memoir  on  Imsalt,  which  appeared  in  1774. 

The  geological  results  obtained  by  the  Russian  astronomical  expe- 
dition under  Pallas,  in  17H9,  though  important,  could,  for  a  long  time 
at  least,  have  had  little  effect  on  American  workers,  and  then  onlv 
through  the  writings  of  others.  They  were  first  published  at  St. 
Petersburg  in  German  (1772-I77t>)  and  afterwards  translated  into 
French.     Pallas  taught,  among  other  things,  that  a  granite  core  was  a 
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constituent  of  all  mountain  ranges,  and  that  the  remains  of  the  ipam- 
moth  and  other  large  animals  found  in  Siberia  and  the  Arctics  were 
tmnspoiled  thence  by  floods  from  the  region  of  the  e(|uator.  This 
last  idea,  it  will  be  noted,  took  firm  hold  on  at  least  one  of  our 
American  authors. 

During  177y-l7lH)  the  Swiss  natumlist,  De  Saussure,  had  put  out 
three  quarto  volumes  giving  the  results  of  his  observations  in  the 
Alps,  and  Lehman  and  Fuchsel,  during  1756-1770,  had  published 
important  matter  relative  to  the  order  of  superposition  of  rocks. 
Fuchsel,  unfortunately,  wrote  wholly  in  Latin,  and  though  his  obser- 
vations were  important  they  created  little  impression. 

The  two  most  prominent  figures,  and  those  whose  views  undoubt- 
edly prevailed  over  all  others,  were  the  German,  Werner,  and  the 
Englishman,  Hutton.  Indeed,  our  history  opens  in  the  ver}'  midst  of 
a  controversv  between  these  two  and  their  followers — between  those 
who  believed  with  Werner  that  the  various  rocks  of  the  earth\s  crust 
were  the  result  of  a  gradual  precipitation  from  the  waters  of  a  uni- 
versal oc(*an  and  who  were  not  inaptly  called  Xcptnnhtn^  and  those 
who  recognized  the  efficacy  of  igneous  agencies  and  were  therefore 
called  PhdonUtt<, 

It  is,  of  course,  impossible  to  st4it<>  in  the  majority  of  cases  whence 
anv  writer  mav  have  dniwn  his  inferences  or  inspiration.  We  mav 
know  the  literature  of  any  given  i)eriod,  but  we  have  no  means  of 
knowing  whether  or  not  it  was  accessible  to  a  writer  or,  indeed,  if  he 
was  aware  of  its  existence.  Discoveries  in  science,  like  inventions, 
are  nirely  or  never  the  work  of  a  single  brain,  })ut  are  matters  of 
growth.  Such  result  from  the  gradual  accunmlation  of  facts  or  ideas, 
often  seeminglv  whollv  disconnected,  but  which  some  master  mind 
takes  at  the  proper  time  and  molds  to  his  uses. 

What  is  commonly  regarded  as  the  first  work  on  American  geology 
was  Johann  David  S<*hopf's  Bcitr'Kfc  zur  MlnrrahHjischcii  KtnntnuH 
von  des  Oeatfichm    ThriU  ani  Xord  Annrikd  nnd  H*hn-  G('htr(/i\  pub- 
lished in  17S7.     Schopf  came  to  America  as  a  surefeon 

ScMprsWorkon  i        ti         •  i       •  i  i.      i        t^  • 

American  Geology,     to  the  llessiun  troops  (uiruiiT  the  war  of  the  Revolu- 

1787. 

tion,  and  inunediately  after  the  treaty  of  ])eace  in  1783 
made  a  tour  throughout  th(»  Eastern  States  as  far  south  as  Florida. 

As  a  foreigner,  whose  results  were  publishtnl  in  (Termany,  SehOpf's 
work  lies  outside  the  limits  of  the  present  history.  It  may  be  said, 
however,  that  he  noted  th(»  close  similarity  throiighoul  all  its  parts  of  the 
flat  lands  (coastal  plain)  extending  from  th(»  western  end  of  Long  Island 
to  Florida,  and  that  this  was  marked  ofl'  from  the*  hillv  rei^ion  to  the 
northwest  by  a  double  series  of  waterfalls  in  all  the  rivers  (Muptying 
into  the  Atlantic.  Thus  earlv  was  nM'omii/cd  tlu»  "fall  line"'  as  a 
physiogmphic  feature  of  the  American  continent. 
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There  are  several  brief  papers  of  a  inineralot^ical  nature  of  an  earlier 
date  than  SchOpf's.  which  may  he  mentioned.  Thus,  in  the  Memoirs 
of  the  American  Academy  of  Arts  and  Sciences  for  1785  are  to  be 

found  the  followiniir  titles: 

PapM  In  Memoirs  of  .  , 

AMoriou  AcMfeiny,       An  Account  of  the  Oilstone  found  at  Salisbury,  by 

Samuel  Webster;  Yellow  and  Red  Pigment,  An  account 
of,  Found  at  Norton,  by  Samuel  Deane;  An  Account  of  Seveml  Strata 
of  Earth  and  Shells  on  the  Banks  of  the  York  River,  Virginia,  by 
Benjamin  Lincoln;  and  Fossil  Substance  containing  Vitriol  and  Sul- 
phur, An  Account  of  large  quantities  of,  found  at  Lebanon,  New 
Hampshire,  b}'  Jeremy  Belknap. 

Of  more  importance  are  two  pajxjrs  by  David  Jones  and  Caleb  Alex- 
ander regarding  the  supposed  volcanic  nature  of  West  River  Mountain 
in  Connecticut.     Jones  described  in  some  detjiil  the  appeai'ance  of  the 

mountain  and  the  efforts  of  the  natives,  or  jh^cunndH^ 
coaSSctkiit!'***^ '"  ^^  ^^®  called  them,  to  discover  thereon  the  gold  which 

they  imagined  had  l)een  melted  down  to  a  solid  body 
by  the  extreme  heat  of  the  eruption.  The  rock  comprising  the  moun- 
tain was  described  as  in  many  places  nmch  burned,  softened,  and 
dissolved  by  heat,  with  cinders  and  melted  droi)s  adhering  and  hanging 
down  like  small  icicles,  somewhat  resembling  in  color  the  cinders  of  a 
furnace  or  black  glass.  While  convincinl  that  there  had  been  volcanic 
explosions  in  the  mountain,  he  regarded  such  as  having  taken  place  at 
least  fifty  years  earlier,  while  the  volcano  itself,  he  thought,  could 
not  have  l)een  active  perhaps  ^'within  the  present  nor  past  century." 
Alexander  wrote  much  more  confidentlv: 

Once  in  winter  then'  wa**  an  t*nii>ti<>n.  The  yearn  when  the  pn»ce<hn)j  t»niptinn8 
hap|)ene<l  I  ean  not  infonii;  the  la^'t  was  twenty-seven  yeara  ninee,  which  waH  the 
iwiwi  violent  eruption  ever  known  in  that  place.  It  wa.<  toward  the  cIojh'  of  a  dark 
evening?  when  it  wan  first  iH*rceive<l,  lH*injr  prtH"t»<le<l  hy  a  louder  nois4»  than  i^oninion; 
then  dinvtlv  wan  «*(»n  tlie  fins  which  wan  neen  to  hum  for  several  hours. 

After  des<Tibing  in  some  detail  the  apj)eamnce  of  the  rock  in  the 
immediate  vicinity  of  the  sjwt  from  which  the  fire  was  «ui)iH>sed  to 
liave  issued,  Alexander  w(»nt  on  to  sjiy: 

I  am  not  able  to  determine  whether  there  U'  anything;  of  a  sulphurous  natun^  on 
this  mountam,  but  thiH  I  ilan*  alHrm,  that  there  have  lH>en  several  erupti<»ns,  hut 
wlH'ther  it  may  with  pn>priety  \n*  calU*<l  a  volcano  I  know  not.  This  determination 
I-  submittef]  to  the  jud>;ment  of  >n»ntlemen  more  aniuaintiMl  with  the  natun'  <>f  vol- 
canoeH  than  1  <'an  pret4'n<l  to  Im*. 

In  view  of  the  definite  nature  of  these  statements,  it  mav  be  well  to 
antici|Mite,  and  to  state  here  that  in  IMo  C'ol.  (ieorge  (libbs  visite<l 
the  mountain,  attracted  by  the  published  re|M)rts,  and  made  known 
i\w  results  of  his  obs<*rvation.s  in  Hru<*e*s  Mineralogical  •lournal.  He 
found  no  tnice  whatever  of  any  eruption  n<»r  other  signs  of  volcanic 
activity,  the  ••Java  "  n»|>ort4»d  proving  to  Ik*  hematite,  an  oxide  of  iron. 
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A  paper  by  Robert  Mc<3au8lin,  read  before  the  American  Philosoph- 
ical Society  of  Philadelphia  in  1789  and  published  in  1793,  conveys  a 

ffood  idea  of  the  crude  condition  of  analytical  chem- 

Condltlonof  f  i  i  i  ,  i  ii 

Analytical  istry  at  that  date  and  enables  one  to  well  appreciate 

the  difficulties  under  which  the  mineralogists  labored. 
In  describing  a  ''mineral  substance"  found  near  the  falls  of  Niagara, 
he  wrote: 

In  order  to  determine  the  nature  of  this  substance,  1  made  the  following  experi- 
ments: 

Exp.  Ist.  I  put  an  opaque  piece,  weighting  fourteen  grains,  into  the  vitriolic  acid 
diluted  with  three  times  its  quantity  of  water,  and  let  it  remain  thert^  twenty-four 
hours,  shaking  it  now  and  then.  Not  the  least  effervescent^  ensued,  and  on  taking 
out  the  piece  it  weighed  near  one  grain  more  than  when  it  was  put  in,  although  care 
was  taken  to  absorb  the  moisture  which  was  ujwn  it«  surface.  This  experiment  was 
repeated  with  a  shining  piece,  and  with  exactly  the  same  result. 

Kxp.  2nd.  When  put  into  vinegar  it  did  not  produce  the  least  effervescence.  The 
vinegar  having  stood  upon  it  for  sometime,  it  was  then  poured  off  and  spirit  of 
vitriol  <lropped  into  it,  yet  not  the  least  precipitation  ensued. 

That  I  might  not  l>e  led  into  error  by  the  vinegar  not  being  gootl  of  its  kind,  I 
rei)eated  the*?e  exj)eriment**  with  chalk;  and  as  l)oth  effervescence  and  precipitation 
took  place  it  was  evident  there  was  no  defect  in  the  vinegar. 

Kxp.  3r(l.  A  small  piec!e  was  exjxjsed  to  the  heat  of  a  ]>lacksmith'8  forge  during 
fifteen  hours.  Upon  taking  it  out  and  pouring  water  upon  it  no  ebullition  ensued; 
nevertheless  it  tasted  like  weak  limewater;  l)eing  then  divided  into  two  portions,  a 
solution  of  mild  fixed  alkali  wa.v  dropj)e<!  into  the  first,  and  immediately  a  precipita- 
tion ensued.  The  second  portion  being  expose<l  to  the  air  in  a  tea  cup  soon  con- 
tracte<l  a  changeable  film,  which  next  morning  was  l>ecx)me  very  thick,  resembling 
in  every  reHi)ect  that  oi  limewater. 

Exp,  4th.  Hot  water  being  poured  on  some  of  this  sul)stanc!e  re<luced  to  powder 
and  the  whole  suffered  to  settle,  the  dear  liquor  had  not  the  taste  of  limewater  as 
in  the  3rd  exi)eriment;  nevertheless  a  solution  of  mild  fixe<l  alkali  l>eing  dropped 
into  it  as  copious  a  pret^ipitatiou  ensued  as  when  the  earth  had  undergone  calcina- 
tion. 

As  I  had  neither  the  nitrous  nor  muriatic  acids,  nor  even  caustic  fixed  alkali,  I 
had  it  not  in  my  power  to  make  any  trials  with  them. 

From  thesi*  experiments  we  may  |)t»rhaps  Ik?  authorized  to  draw  the  following 
conclusions: 

1st.  That  this  concrete*  is  not  an  alkaline  earth,  as  it  is  not  affected  either  by  the 
vitriolic  or  the  vegetable  acids. 

2ndlv.  We  niav  with  more  probabilitv  sav  that  it  is  a  combination  of  an  acid  with 
a  calcareous  earth,  and  that  it  might  with  propriety  l)e  ranked  amongst  the  selenites. 
This  suppositi<»n  is  founde<l  on  the  following  reasons:  First,  it  api>ears  from  the 
fourth  exi)erinient  that  it  is  practically  soluble  in  water,  and  that  its  earth  can  l>e 
precipitateii  by  a  mild  fixed  alkali;  stK^ondly,  the  third  exixiriment  shews  evidently 
that  its  earth  is  of  the  calcareous  kind,  as  apjx^ars  by  the  styptic  taste  and  changeable- 
colored  film,  agreeing  exactly  with  conmion  limewatiT.  It  seems  pmbable  that  the 
vehemence  of  the  fire  had  in  jwrt  expelle<l  the  acid,  leaving  a  |)ortion  of  the  mass  in 
the  state  of  (luicklime. 

Of  more  direct  geological  bearing  is  a  letter  from  Benjamin  l)e  Witt 
to  the  Philadelphia  Academy,  printed  in  the  second  volume  (ITl^S) 
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of  their  Transactions.  He  mentioned  the  occurrence  of  iron  ore, 
g^ypsum,  calcareous  petrifactions,  red,  slaty  stones,  soft  clay,  a  white 

fossil  substance,  rock  crystal,  a  curious  annular  stone, 
STeDrtftTiTSS'!*'' ^'^  *"d  sixty-four  specimens  of  some  varieties  of  stone 

found  on  the  shore  of  Lake  Ontario.  Discussing  this 
last  occurrence,  he  wrote: 

Now,  it  ia  almost  impoeeible  to  believe  that  so  great  a  variety  of  stones  should  be 
naturally  formed  in  one  place  and  of  the  same  species  of  earth.  They  munt,  there- 
fore, have  been  conveyed  there  by  Home  extraordinary  means.  I  am  inclined  to 
believe  that  this  may  have  been  effected  by  some  mighty  convulsion  of  nature,  such 
as  an  earthquake  or  eruption;  and  perhaps  this  vast  lake  may  be  considered  as  one 
of  those  great  fountains  of  the  deep  which  were  broken  up  when  our  earth  was  del- 
uged with  water,  thereby  producing  that  confusion  and  disorder  in  the  composition 
of  its  surface  which  evidently  seems  to  exist. 

So  far  as  I  am  aware,  this  is  the  first  recognition  of  or  attempt  to 
account  for  the  glacial  drift,  although  its  glacial  character  was  of 
course  undreamed  of. 

It  is  perhaps  not  strange  that,  with  the  cosmogonists  not  yet  fully 
out  of  the  field,  the  '^many-sided"  Franklin  should  have  indulged  in 
theories  relative  to  the  earth's  history",*  nor  that  such  were,  at  the  time, 

thought  worthy  of  consideration.  In  1788,  in  a  letter 
Tta££?  rTsS!^"  *  to  the  Abb^  Soulavie,  he  suggested  that  the  earth  may 

not  be  solid  to  the  core,  but  that  the  outer  portion  or 
shell  is  floating,  as  it  were,  on  an  internal  fluid  more  dense  than  any 
solids  of  which  we  have  knowledge.  He  was  led  to  this  view  from 
seeing  at  the  Imse  of  one  of  the  Derbyshire,  England,  mountains, 
*^  oyster  shells  mixed  in  the  stones,''  a  condition  of  affairs  indicating 
an  elevation  of  this  portion  of  the  land  above  the  sea  level  and  which 
he  compel ved  could  not  take  place  were  the  earth  solid.     He  wrote: 

Thus  the  surface  of  the  globe  w^ould  be  a  shell,  capable  of  l>eing  broken  and  dis- 
ordered by  any  violent  movements  of  the  fluid  on  which  it  rested.  And  as  air  has 
been  compressed  by  art  so  as  to  be  twice  as  dense  as  water,  in  which  case  if  such 
air  and  water  could  be  contained  in  a  strong  glass  vessel  the  air  would  be  seen  to 
take  the  lowest  place  and  the  water  to  float  above  and  upon  it;  and  as  we  know  not 
yet  the  degree  of  density  to  which  air  may  be  compresse<i;  and  M.  Amontons  calcu- 
lated, that  its  density  increasing  as  it  approached  the  center  in  the  same  proportion 

as  above  the  surface,  it  would  be  at  the  depth  of leagues  heavier  than  gold, 

possibly  the  dense  fluid  occupying  the  internal  parts  of  the  globe  might  be  air  com- 
pressed. And  as  the  force  of  expansion  in  dense  air  when  heated  is  in  proportion 
to  its  density;  this  central  air  might  afford  another  agent  to  move  the  surface,  as  well 
as  be  of  use  in  keeping  alive  the  subterraneous  fires;  though  as  you  ol)ser\'e,  the 
sudden  rarefaction  of  water  coming  into  contact  with  those  fires  may  also  lie  an  agent 
sufficiently  strong  for  that  purp<jse  when  acting  between  the  incumbent  earth  and 
the  flui<l  on  which  it  rests. 

If  one  might  indulge  imagination  in  supposing  how  such  a  globe  was  forme<l,  I 
should  conceive  that  all  the  elements  in  separate  particles  being  originally  mixed  in 
(•onfusion  and  occupying  a  greater  spact%  they  woul<l,  as  soon  as  the  Almighty  fiat 
ordained  gravity  or  the  mutual  attraction  of  c(*rtain  parts  and  the  mutual  repulsion 
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of  other  parts  to  exist,  all  move  towani  their  common  center;  that  the  air  beinga  flui<l 
whose  parts  repel  each  other,  though  drawn  to  the  common  center  by  their  gravity, 
would  be  densest  toward  the  center  and  rarer  as  more  remote;  conseqaently  all 
matters  lighter  than  the  central  part  of  that  air  and  immersed  in  it  would  recede 
from  the  c^enter  and  rise  till  they  arrived  at  that  region  of  the  air  which  was  of  the 
same  specific  gravity  with  themselves  where  they  would  rest;  while  other  matter 
mixed  with  the  lighter  air  would  descend,  and  the  two  meeting  would  form  the 
shell  of  the  first  earth,  leaving  the  upper  atmosphere  quite  clear.  The  original 
movement  of  the  parts  toward  their  common  center  would  naturally  form  a  whirl 
there,  which  would  continue  in  the  turning  of  the  new-formed  globe  upon  its  axis, 
and  the  greatest  diameter  of  the  shell  would  be  in  its  equator.  If  by  any  accident 
afterwards  the  axis  should  be  changed,  the  dense  internal  fluid  by  altering  its  form 
must  burst  the  shell  and  throw  all  its  substance  into  the  confusion  in  which  we 
find  it. 

Again,  in  a  letter  to  Mr.  Bodoin,  under  date  of  1790,  he  said: 

Lt^t  me  add  another  question  or  two,  not  relating,  indeetl,  to  magnetism,  but,  how- 
ever, to  the  theory  of  the  earth. 

Is  not  the  finding  of  great  (]uantities  of  shells  and  lx>nes  of  animals  (natural  to  hot 
climates)  in  the  cold  ones  of  our  present  world  some  pr<x)f  that  its  present  poles  liave 
been  changed?  Is  not  the  supposition  that  the  poles  have  been  changed  the  easiest 
way  of  accounting  for  the  deluge  by  getting  rid  of  the  old  difficulty  how  to  dispose 
of  its  waters  after  it  was  over?  Since,  if  the  poles  were  again  to  be  changed  and 
placed  in  the  present  equator,  the  sea  would  fall  there  about  15  miles  in  height  and 
rise  as  much  in  the  present  polar  regions,  and  the  effect  would  be  proportionable  if 
the  new  p)oles  were  placed  anywhere  ljetwei»n  the  present  and  the  equator. 

Does  not  the  apparent  wrack  of  the  surface  of  this  globe,  thrown  up  into  long 
ridges  of  mountains,  with  strata  in  various  proi)ortions,  make  it  probable  that  its 
internal  mass  is  a  flui<l,  but  a  fluid  so  dense  as  to  float  the  heaviest  of  our  substances? 
Do  we  know  the  limit  of  condensation  air  is  ciipable  of '^  Supposing  it  to  grow  denser 
within  the  surface  in  the  same  proix>rtion  nearly  as  we  fiml  it  does  without,  at  what 
depth  may  it  be  etjual  in  density  with  gold? 

Can  we  easily  (conceive  how  the  strata  of  the  earth  could  have  Ikhhx  so  deranged 
if  it  ha<l  not  l)een  a  mere  shell  supiH)rted  by  a  heavier  flui<l?  Would  not  such  a 
supiM>He<l  internal  fluid  glol)i*  be  inime<liately  sensible  of  a  change  in  the  situation  of 
the  (»arth's  axis,  alter  its  form,  and  thereby  burst  the  shell  and  throw  up  parts  of  it 
alK)ve  the  rest? 

As  if  we  would  alter  the  pn>portion  of  the  fluid  contained  in  the  shell  of  an  egg 
and  place  its  longest  <liameter  where  its  shortest  now  is  the  shell  nnist  break  if  the 
whole  internal  Hul>stance  were  as  nolid  and  hard  as  the  shell. 

Might  not  a  wave*l)y  any  means  raisi^l  in  this  supi)Ose<l  internal  <K*ean  of  extremely 
dense  fluid,  raist*  in  some  degree  as  it  pa.«si'H  the  pres<»nt  shell  of  incuml)ent  earth 
and  break  it  in  some  platvs,  as  in  eurthcjuakes?  And  may  not  the  progress  of  such 
wave  and  the  <lis(^rders  it  o('ca.*<ions  among  the  solids  of  the  shell  account  for  the 
rumbling  sound  l>eing  first  heard  at  a  distance,  augmenting  as  it  approaches,  and 
gradually  <lying  away  as  it  procveds?  A  cin'umstance  observed  by  the  inhabitants  of 
South  America  in  their  last  great  earthciuake — that  noise  coming  from  a  place  some 
degrees  norrh  of  Lima  and  Iwing  trace<l  by  eiujuiry  (juite  down  to  Buenos  Ayres, 

pnK*etHling  n»gular4y  from  north  to  south  at  the  rate  of leagn(»s  \tvr  mii.ute,  as  I 

wits  informed  by  a  very  ingenious  iVnivian  whom  I  met  in  Parin. 
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Franklin  was  not  tlie  only  one  of  our  statorfnien  who  at  that  time 
felt  at  Iil)ert3-  ^^  indulge  in  study  and  sjxH'uhition  on  scientific  subjects. 
Thomas  Jefferson,  when  he  came  to  Philadelpliia  to  he  inauj^united 

Vice-President  in  17J>7,  brought  with  him  a  coHection 
MMtotociSt.  1797.  ^^  fossil  l)ones  from  the  western  part  of  Virginia,  and 

the  manuscript  of  a  memoir  upon  them,  which  he  read 
before  the  American  Philosophical  Society,  of  which  he  had  been 
elected  president  the  preceding  year.^  And  again  in  1801,  when  Con- 
gress was  vainly  trj'ing  to  untangle  the  difficulties  arising  from  the  tie 
vote  between  Jefferson  and  Burr,  when  every  politician  at  the  C'apitol 
was  busy  with  schemes  and  counter-schemes,  Jefferson  was  corre- 
sponding  with  Doctor  Wistar  in  regard  to  some  l)ones  of  the  mam- 
moth which  he  had  just  procured  from  Shawangunk,  in  New  York; 
and  still  again,  in  180H,  when  the  exciUMuent  over  the  embargo  was 
highest,  and  when  ever}'  daj'  brought  fresh  denunciation  of  him  and 
his  policy,  he  was  carrying  on  his  geological  studies  in  the  White 
House  itself.  ITnder  his  direction  upward  of  three  hundred  speci- 
mens of  fossil  bones  had  l)een  brought  from  the  famous  Big  Bono 
Lick,  of  Kentucky',  and  spread  in  one  of  the  large  unfinished  rooms 
of  the  Presidential  Mansion.  The  exploration  of  this  lick,  it  should 
be  noted,  was  made  at  the  private  expense  of  Jefferson,  through  the 
agency  of  Gen.  William  Clarke,  the  western  explorer.^ 

The  appearance  of  l)ones  of  animals  of  large  size  and  now  extinct, 
as  described  by  Jefferson,  naturally  excittni  the  attention  of  the 
curious,  and  numerous  accounts  of  similar  occurrences  began  to  find 
their  way  into  print.  In  the  Transactions  of  the  American  Philo- 
sophical Society,  under  date  of  1802,  is  given  an  abstract  of  a  cominu- 
nicstion  by  Martin  Duvalde  regarding  the  finding  of  lK)nes  supiK>siMl  to 
bi»  thiMe  of  an  elephant  in  the  Opelousas  country  west  of  the  Missis- 
sippi, i.  e.,  in  Louisiana. 

Of  greater  interest,  however,  is  a  paper  by  the  artist  and  naturalist, 
Rembrandt  Peale,  entitled  Account  of  the  Sk(»l(»ton  of  the  Manunoth, 
A  Xondescript  Carnivorous  Animal  of  Inunense  Size  Found  in  Amer- 
ica. This  was  printed  in  London  under  date  of  1S02, 
^SSii2mSSSS!^tm2.  ^^^  dedicatcHl  to  Sir  Joseph  Banks,  l^irt..  President 

of  the  Royal  Soci(»ty.  The  {mrticular  skeleton  <le- 
•«ribed  was  exhumed  in  the  vicinity  of  Newburgh,  New  York,  in  IMOI.* 
The  animal  was  regarded  by  Peale  as  un<iu(»stionably  carnivorous  from 

•Tliin  paper  was  poblifihe<l  in  the  Trannai'tinnp  of  tht»  S<Kiety,  IV,  171W»,  ii?*  was 
alNi>  I>iirtor  Wifltar^t  more  detailcil  dt^stTiption  of  thi*  Ihuu's  tliniiscivt^s. 

*  The  Origin  of  the  National  S<'ientiHc  an<l  K<iiu-utinnul  liL<-titiiti<»ns  <if  t!i4>  (inttHl 
staUv,  by  G.  Brown  Goo<le. 

^ikittkrwnl  material  wan  found  to  form  two  Hkclotonn.  otio  of  which  wan  s4Mit  to 
fjjoikm  and  theoUitr  to  PhilmU'lphia,  when*  it  wiix  sultHtiiiK'ntly  di\*«troy(il  l>y  lin\ 
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the  structure  of  the  teetli  and  jaw,  and  he  eoneluded  his  description 
with  a  ({notation  from  Doctor  Dunter: 

If  this  animal  wa«  indeed  cairnivoroiis,  which  I  believe  can  not  be  doubted,  though 
we  may  as  philosophers  regret  it,  as  men  we  cannot  but  thank  Heaven  that  ite 
whole  generation  is  probably  extinct. « 

Turning  once  more  to  the  Transactions  of  the  American  Philosoph- 
ical Society,  we  find  in  1799  Thomas  P.  Smith  giving  an  account  of 
"crystalline  basalts"  found  in  the  Conewago  Hills,  near  Elizabeth- 
town  in  Pennsylvania.  The  "crystals"  were  described 
the Conewaso  Hills,   as  generally  tetrahedral  and  of  very  fine  grain.     The 

massive,  noncolumnar  form  was  spoken  of  as  amor- 
phous, but  it  "has  generally  a  very  strong  tendency  to  crystallize." 
Crystallized  granite  in  predominating  tetrahedral  forms  was  also  de- 
scribed. In  the  same  transactions  (1807)  S.  Godon  made  certain  obser- 
vations for  a  mineralogical  map  of  Maryland,  in  which  he  noted  the 
occurrence  of  gneiss  and  greenstone  in  the  the  vicinity  of  Washington, 
and  the  finding  of  "fossil  bodies,"  shells,  and  fossil  woods  in  a  ravine 
near  Kock  Creek  Church.  The  city  itself  was  rightly  described  as 
built  on  alluvial  land,  Rock  Creek  forming  the  boundary  between  the 
primary  and  alluvial  soil. 

In  February  of  this  same  year  B.  H.  Latrobe  read  l)efore  the  society 
a  paper  describing  the  geographic  distribution  of  the  sand  rock  quar- 
ried at  Aquia  Creek  on  the  Potomac,  and  used  in  some  of  the  public 
buildings  of  Washington.  The  marked  cross-bedding,  so  prominent  a 
feature  in  the  stone,  he  asiTibed  to  wind  action.  A  fact  of  more  geo- 
logical importance  is,  however,  his  recognition  of  the  "fall  line" — of 
the  fact  that  a  line  drawn  along  the  lower  falls  of  our  rivers  is  the 
ancient  line  of  the  seacoast  from  New  York  to  thesouthw(»st,  and  indi- 
cates a  higher  ocean  level  of  some  120  feet.     SchOpf,  it  will  be  remem- 

«The  first  mention  of  Iwnes  of  the  American  mammoth  upon  record  appears  to  be 
that  made  by  Dr.  Cotton  Mather,  of  Boston,  in  a  pa|»er  coinnmni(*ated  to  the  Royal 
So<'iety  in  1714.  The  object  of  this  worthy  divine  seems  to  have  l)een  to  corroborate, 
by  the  discovery  of  the  bones,  the  account  given  in  Scripture  of  a  race  of  antedihivian 
giants.  He  incHnes  to  this  oj)inion  from  the  circumstance  that  bones  have  been  dug 
up  in  America  of  an  enormous  size,  and  yet  resembling  in  their  formation  those  of 
the  human  body.  These  bones,  he  states,  were  found  in  17()5  near  Albany,  on  the 
Hudscm.  Among  them  was  a  grinder  weighing  4}  pounds;  another  tootli,  broad  and 
fiat,  like  an  incisor;  a  third  like  the  eye  tootli  of  man  when  worn  away  by  mastica- 
tion, and  a  b<mc,  8uppose<i  to  l)e  that  of  the  thigh,  which  was  17  feet  in  length.  The 
ground  for  75  feet  around  the  spot  where  these  bones  were  discovered  he  asserts  to 
have  l)een  of  a  different  color  and  substance  from  the  surrounding,  a  difference  which 
he  attributes  to  the  effects  produced  by  the  rotting  of  the  fiesh  of  the  animal.  Some 
of  these  bones  were  found  at  a  distance  of  50  leagues  from  the  sea,  an<l  at  a  great 
depth  in  the  earth.  An  account,  so  manifestly  tinctured  by  credulity  and  evincing 
such  entire  ignorance  of  anatomy,  excited  but  little  attention  in  the  scientific  world, 
and  scarce  any  further  notice  of  these  bones  can  be  found  for  nearly  thirty  years. — 
An  Account  of  the  Fossil  Bones  of  the  Great  American  Mammoth,  by  John  Wanl, 
M.  D.,  in  Boston  Journal  of  Philosophy,  I,  182.V24,  pp.  263,264. 
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Jx^red,  recoj^nized  this  fall  line,  though  it  does  not  appear  that  he  put 
a  like  intei*pretation  upon  the  phenomenon. 

At  this  date,  it  is  well  to  note,  none  of  the  sciences  were  taught  in  ^ 
the  colleges  and  other  institutions  of  learning  in  America.     Indeed, 
the  general  trend  of  public  opinion  was  decidedly  against  the  study  of 

geology  or  the  inv^estigation  of  any  question  which 
Beotenrin  siittmaii     mififht  lead  to  the  discovery  of  supposed  inconsisten- 

nl  Yale   1 802.  %  i  r 

cies  in  the  Mosaic  account  of  creation  or  to  conclusions 
in  any  degree  out  of  harmony  therewith.  The  movement,  therefore,  /^ 
by  Professor  Dwight  in  1798  toward  the  establishment  in  Yale  College 
of  a  department  for  the  teaching  of  these  subjects,  was  of  the  greatest 
importance  and  of  far-reaching  consequences.  This  movement  cul- 
minated in  1802  with  the  appointment  of  Benjamin  Silliman  to  the 
professorship  of  chemistry  and  natural  science  in  that  institution. 
Silliman  was  at  that  time  about  twenty-two  \'ears  of  age,  only  recently 
admitted  to  the  bar,  and  was  serving  as  a  tutor  in  law,  with  not  even 
the  most  rudimentary  knowledge  of  the  science  he  was  to  te^ch.  He 
wrot«: 

The  appointment  was  of  couree  the  cause  of  wonder  to  all  and  of  cavil  to  political 
eneniiet)  <»f  the  college.  Although  I  pereeverecj  in  my  legal  studies  *  *  *  i  goon 
after  the  confidential  communication  of  President  Dwight  [informing  him  of  his 
l>rr>bable  appointment]  obtained  a  few  books  on  chemistry  and  kept  them  secluded 
in  my  secretary,  occasionally  reading  in  them  privately.  This  reading  did  not  profit 
me  much.  Some  general  principles  were  intelligible,  but  it  became  at  <mce  obvious 
to  me  that  to  see  and  perform  experiments  and  to  become  familiar  with  many  sub- 
»itances  was  indispensable  to  any  progress  in  chemistry,  and  of  course  I  must  resort 
to  Philadelphia,  which  presented  more  advantage  to  science  than  any  other  place  in 
oar  country. « 

To  Philadelphia  he  accordingly  went  in  the  autunm  of  1802,  remain- 
ing for  nearly  five  months  attending  the  lectures  on  chemistry  given 
by  Dr.  James  Woodhouse  in  the  Medical  School  of  Philacielphia.  His 
own  first  lecture  at  Yale  was  delivered  April  4,  1S04,  while  in  his 
twenty-fifth  year,  in  a  room  in  Mr.  Tuttle's  building  on  Chapel  street. 

Few  geological  papers  bear  Silliman's  name,  and  ho  is  bettor  known 
as  a  teacher  and  public  lecturer.  That  which,  however,  has  tended 
more  than  anything  else  to  keep  him  in  constant  remembrance  is  his 
American  Journal  of  Science,  founded  in  1818,  some  eight  years  after 
the  suspension  of  the  American  Journal  of  Mineralog}\  to  be  noted 
later.  The  publication  has  continued  down  to  the  present  day,  and  it 
is  therefore  one  of  the  oldest  and  perhaps  the  most  important  geo- 
logical periodical  extant  in  America. 

Silliman  resigned  his  professorship  in  1849  and  died  on  Deceml^er 
24,  1804,  having  through  his  own  efforts  as  a  teacher,  but  more  par- 
ticularly through  his  personal  influence  as  a  writer  and  lecturer,  prob- 
ably done  more  to  advance  the  science  of  geology  than  any  man  of 
his  day.     Nevertheless,  looking  down  the  vista  of  a  himdred  years  of 


AG.  P.  Fisher,  Life  of  B.  Silliman.     New  York,  \»»^. 
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advHneeiiient,  the  spn^tiicle  of  this  young  law\"er  secluding  in  his  desk 
sundrj^  hooks  which  he  lead  privately  in  order  to  fit  bimselt  for  the 
position  of  a  professorship  in  Yale  is  edifying  to  say  the  least. 

On  January  1,   1800,   the  Connecticut  Academy  of  Sciences  had 
addressed  a  circular  letter  to  every  town  in  the  State,  containing  suh- 
jects  of  inquiry  arranged  under  thirty-two  distinct  heads,  and  request- 
ing answers.     To  the  fifth  of  these  inquiries  Silliman 
Mineraion^  of  New     responded  in  1806  with  a  sketch  of  the  mineralogy  of 

the  town  of  New  Haven.  This  was  published  in  the 
Transactions  of  the  Society  in  1810,  and  is  of  interest  as  being  the 
first  attempt  at  a  geological  description  of  the  region,  as  well  as  being 
Silliman's  first  attempt  at  a  geological  survey. 

With  much  lalwrious  argument  he  show^ed  that  the  town  of  New 
Haven  is  itself  situated  on  an  alluvial  plain.  East  Rock  he  described 
as  a  w  hinstone,  tmp,  or  basalt,  identical  with  that  from  the  Salisbury' 
Craig  near  Edinburgh,  Scotland. 

The  Btoiie  is  rt*ckoned  anion^  the  argillaceous  clays  by  some  mineralogists  and  by 
others  anions  the  nilit'eouH.  The  predominant  ingredient  is  certainly  silex  or  flinty 
earth,  although  when  breathed  upon  it  emits  the  smell  of  clay,  which  would  induce 
one  to  refer  it  to  the  argillaceous  family. 

He  would  account  for  its  presence  on  the  supposition  that  it  had — 

actually  been  melttKi  in  the  bowels  of  the  earth  and  ejecttnl  among  the  superior 
strata  by  the  force  (^f  subterraneous  fire,  but  never  erupted  like  lava,  cooling  under 
the  pressure  of  the  sui)erincuml)ent  strata  and  therefore  comjmct  or  nonvesicular,  its 
present  form  being  due  to  erosion. 

Thus,  at  this  early  date  and  with  a  very  limited  amount  of  experi- 
ence, Silliman  was  able  to  discriminate  between  effusive  and  deep- 
seated  rocks.  The  rock  resting  upon  the  sandstone  to  the  southeast 
of  East  Rock  he  found  somewhat  puzzling.  ^'  We  nmst  pronounce  it 
gmnitic,  although  it  is  not  a  granite,  and  inclined  to  whin,  although  it 
is  not  a  whinstone,''  he  wrote,  finally  concluding  that  it  formed  a  con- 
necting link  between  gnmite  and  whinstone.  Pine  liock  and  West 
Rock  were  also  identified  as  whin  rock  and  basalt  resting  upon  sand- 
stone. Quai'tz  and  sandstone  found  at  Westfield  and  at  the  Derby 
pike  were  referred  to  as  *Mnicaciou.>  and  magnesian  schistus.*"  He 
modestly  concluded  his  paper  by  adding: 

If  there  are  errors  (in  the  alx>ve)  they  are  not  the  result  <>f  indolent  and  remiss 
inquiry,  but  of  deficient  infonnation  or  <Troneous  judgment. 

In  these  same  Transactions,  under  date  of  Lsos,  Silliman,  in  conjunc- 
tion with  Professor  Kingsl(»y,  gave  a  very  full  account  of  the  meteor- 
ite that  fell  in  Weston,  Connecticut,  thc^  year  previous.     This  was  the 

first  really  scientific  des<ri[)ti<)n  of  the  phenomena 
Meteorite?^808.        attending  th(»  faH  of  one  of  these  lM)dies,  as  well  as  of 

its  minenil  nature*,  that  had.  up  to  that  time,  been 
given  in  America,  and  it  attnicted  wides|)read  attention.  It  was  this 
kiccount  concerning  which  Jetierson  is  said  to  have  remarked:  '*ltis 
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easier  to  believe  that  two  Yankee  professors  will  lie  than  to  admit  that 
stones  can  fall  from  heaven."" 

A  pu(l<fy  duodecimo  volume  of  some  500  jm<^es,  from  the  pen  of  a 
Dr.  Jaraes  Mease,  and  l)earing  the  date  1S07,  may  be  mentioned  here, 
not  so  much  on  account  of  the  scientific  value  of  its  contents  as  the 

pretentiousness  of  its  title:  A  Geological  Account  of 


Mease's  Ocolofl^cal 

Aocoaatof  tbe  the  United  States,  Comprehending:  a  short  Description 

Uflited  States,  1807.  ... 

of  their  Animal,  Vegetable,  and  Mineral  Productions, 
Antiquities,  and  Curiosities.  The  portion  really  geological  comprises 
some  SO  pages,  though  25  more  are  given  up  to  a  catalogue  of  minerals. 
The  geological  part  isacknowledgedly  a  compilation  from  the  writings 
of  Volney,  Mitchill,  and  others.  The  country  is  divided  into  (1) 
granitic  region,  (2)  region  of  sandstone,  (3)  calcareous  region,  (4) 
region  of  sea  sand,  and  (5)  region  of  river  alluvions,  the  boundaries  of 
each  of  which  are  given  in  seme  detail.  The  truly  scientific  character 
of  the  work  is  shown  by  the  following  quotation  taken  from  a  descrip- 
tion of  the  narrows  of  the  Connecticut  River. 

No  living  creature  was  ever  known  to  pans  thn)ugh  this  narrow  except  an  Indian 
woman,  who  was  in  a  canoe,  attempting  to  croas  the  river  above  it,  but  carelessly  suf- 
fered herself  to  fall  within  the  power  of  the  current.  Perceiving  her  danger  she  took 
a  bottle  of  rum  she  hatl  with  her  and  drank  the  whole  of  it;  then  lay  down  in  her 
canoe  to  meet  her  destiny.  She  niarvelously  went  through  safely,  and  wa*«  taken  out 
of  the  canoe  some  miles  below  quite  intoxicated. 

The  vear  1809  must  ever  be  notable  in  the  historv  of  American  geol- 
ogy,  since  it  brought  forth  Maclure's  Observations  on  the  Geology  of 
the  United  States,  with  a  colored  geological  map  of  the  region  east  of 

the   Mississippi.     With    the    exception   of   GiUtard's 

Mactare  on  tbe  . 

Oeoionr  of  the  minemlogical  map  of  Louisiana  and  Canada,  published 

Uflited  States,  1809.    .  . 

in  1752,  it  was  the  earliest  attempt  at  a  geological  map 
of  America,  and  has  caused  its  author  to  become  known  as  the  father 
of  American  geology  and  the  William  Smith  of  America.'^ 

Maclure's  personal  history  is  not  without  interest  in  itsc^lf,  and  is 
worth V  of  note  here  on  account  of  his  relation  to  American  science*  and 
as  illustrating  the  conditions  under  which  a  man  at  that  date  could  rise 
to  prominence  in  geological  circles  with  little  or  no  preliminary  training. 

«G.  Brown  Goode,  Beginnings  of  American  Science.  Thin  writer,  however,  dis- 
credits the  authenticity  of  the  report,  regarding  it  one  of  the  millions  of  slanders  to 
which  Jefferson  was  subjecte<l  in  those  days. 

*See  article  by  J.  W.  Judd,  Geological  Magazine,  London,  October,  1897,  for  account 
of  Smith's  work.  What  is  l)elieved  by  Professor  .Tudd  to  l>e  a^'tually  the  first  geo- 
Icjgical  map  in  existence  is  one  of  Smith's,  published  in  17^9.  This  Invars  the  folli>w- 
ing  title:  A  map  of  five  miles  aroun<l  the  City  of  Bath  (Knglaiid  ),  on  a  scale  of  one 
inch  and  a  half  to  the  mile,  from  an  actual  survey,  including  all  tht»  new  roads,  with 
alterationg  and  improvements  to  the  present  time  (179i^),  printe<l  for  an<l  sol<l  by  A. 
Taylor  and  W.  Moyler,  booksellers,  Bath. 

The  map  by  Cuvierand  Brongniart  of  the  environs  of  Paris  U'ars  the  datv  of  IHtry, 
which  is  the  same  as  that  of  the  first  edition  of  Maclure's. 
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He  \va.s  horn  at  Ayr,  Scotland,  in  17()3,  and  first  came  to  America 
at  the  age  of  ninetee?!,  with  a  view  to  mercantile  employment,  subse- 
quently returning  to  London,  where  he  commenced  his  career  of  com- 
mercial enterprise  as  a  partner  in  the  house  of  Miller,  Hart  &  Co.  He 
seems  to  have  been  remarkably  successful,  and  accumulated  a  consider- 
able fortune.  In  1796  he  again  visited  America  and,  it  is  stated,  took 
the  necessary  steps  for  becoming  an  American  citizen. 

He  was  a  libeml  patron  of  science,  and  for  twenty-two  years,  begin- 
ning with  December,  1817,  was  president  of  the  Philadelphia  Academy 
of  Natural  Sciences,  to  which  institution  he  subsecjuently  donated  his 
valuable  private  library  and  some  $20,000  in  money. 

After  retiring  from  business,  and  prior  to  1809,  Maclure  spent  sev- 
eral yeai*s  in  England  and  on  the  continent  of  Europe,  traversing  the 
most  interesting  portions  of  the  Old  World  from  the  Mediterranean 
Sea  to  the  Baltic  and  from  the  British  Isles  to  Bohemia.  On  return- 
ing to  America  he  took  up  the  important  enterprise,  noted  above,  of 
preparing  a  geological  map  of  the  United  States.  To  accomplish  this, 
in  the  language  of  his  biographer: 

He  went  fortli  with  hin  hammer  in  hand  and  his  wallet  on  his  shoulder,  pursuing 
his  researches  in  every  direction,  often  amid  pathless  tracts  and  dreary  solitudes, 
until  he  had  crossed  and  n»cr(>sse<l  the  Allegheny  Mountains  no  less  than  fifty  times. 
He  encountertnl  all  the  privations  of  hunger,  thirst,  fatigue,  and  exposure,  month 
after  month  and  year  after  year,  until  his  indomitable  spirit  had  conquered  every 
difficulty  and  crowned  his  enterprise  with  success. 

Like  several  of  the  scientist's  of  his  time,  Maclure  in  1824  became 
interested  \u  the  connuunistic  society  at  New  Harmony,  Indiana, 
founded  by  the  (»lder  Owen.  He  was,  however,  seriously  disappointed 
in  the  outcome  and  withdrew  about  18:i7. 

It  was,  presumably,  during  his  conncntion  with  this  association  that 
he  is  <iuoted  as  refusing  to  invest  money  in  real  estate  in  the  city  of 
Philadelphia,  saying: 

Land  in  the  cities  c-an  no  longer  rise  in  value.  The  communistic  society  must  pre- 
vail, and  in  the  counH»  of  a  few  years  Philadelphia  must  lx»  deserte<l;  those  who  live 
long  enough  may  come  back  here  and  see  the  foxes  looking  out  of  the  windows. 

Opinions  like  this  and  those  which  follow  are  quoted  here,  not  for 
the  pur|X)se  of  b(»littling  Maclure  in  the  least,  but  as  showing  how 
impossible  it  was  at  that  time  for  any  man  to  realize  all  that  was  in 
store  for  the  United  Stat<?s. 

The  possibilities  of  milroad  transportation  were  scarcely  dreamed 
of,  and  mountain  barriers  and  desert  plains  were  looked  upon  as  natu- 
ral boundaries  between  various  peoples.  From  an  examination  of 
maps  of  the  United  States,  Maclure  was  inclined  to  divide  the  country 
into  three  distinct  and  sejmrate  parts,  differing  materially  from  each 
other  in  theii*  relative  situation  and  in  their  means  of  connnunication 
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With  the  rest  of  the  globe.  The  natural  line  of  separation  t>etween  the 
two  main  divisions  was  that  formed  by  the  Allegheny  Mountains, 
which,  from  the  poorness  of  the  soil  and  the  difficulty  of  access  to 
market,  he  regarded  as  probably  the  last  portion  of  the  continent  to 
become  thickly  inhabited. 

To  the  west  of  this  range  was  the  Mississippi  basin,  which,  in  his 
view,  was  destined,  on  account  of  climate  and  soil,  to  become  a  coun- 
try of  immense  agricultural  capabilities.  Traversed  by  only  one  great 
river,  which  is  practically  inaccessible  to  large  ships  of  war,  this  sec- 
tion, inclosed  by  the  Alleghenies  on  the  east,  the  Rockies  on  the  west, 
and  the  I^kes  at  the  north,  he  felt  to  be  guarded  against  invasion  b}'  the 
comparative  weakness  of  their  mountain  neighbors  and  the  impossi- 
bility of  attack  by  sea.  It  would  therefore  be  given  over  to  a  nation 
of  agriculturalists,  the  rulers  of  which  would  by  nature  be  deprived  of 
even  an  excuse  for  keeping  either  a  fleet  or  army  such  as  had  in  the 
past  always  brought  about  the  ruin  of  free  and  equal  representative 
governments. 

He  wrote: 

On  this  earth  or  in  the  page  of  history  it  is  probable  no  place  can  be  found  of  the 
same  extent  so  well  calculated  to  perpetuate  a  free  and  equal  rt^presentative  govern- 
tuent  a^  the  basin  of  the  Mississippi,  both  from  its  physical  advantages  and  the 
{>olitical  (Hmstitutions  on  which  the  state  of  society  is  lx)ttf)med. 

The  people  of  the  Atlantic  slope,  he  felt,  would,  however,  labor 
under  entirely  different  conditions.  Placed  on  an  extensive  coast, 
accessible  at  all  points,  with  numerous  rivers,  they  were  liable  to  the 
depredations  of  a  superior  fleet  and  would  naturally  become  a  military 
people  and  involved  in  wars  with  European  nations. 

Maclure's  observations,  as  already  noted,  were  made  in  almost  every 
State  and  Territory  in  the  Union,  from  the  river  St.  Lawrence  to  the 
Gulf  of  Mexico,  and  the  memoir  which  embraces  the  accumulated 
facts  was  submitted  to  the  American  Philosophical  Society  and  printed 
in  their  Transactions  in  IHOiK  The  map  of  this  issue  is  interesting  ^ 
not  alone  for  its  geological  coloring,  but  as  showing  the  paucity  of 
knowledge  regarding  the  physical  features  of  the  continent.  (See  Plate 
1.)  Thus,  a  continuous  range  of  mountains  was  figured  as  extending 
from  northern  Maine,  along  its  western  boundary',  through  eastern 
Vermont,  western  Massachusetts,  across  southeast  New  York  and  New 
Jersey  to  Pennsylvania.  More  or  less  parallel  ranges  were  figured  as 
extending  down  into  northern  Georgia,  two  of  which  turn  toward  the 
west,  the  more  northerly  of  these  terminating  on  the  Ohio  River  just 
east  of  the  Tennessee,  and  the  other  forming  the  divide  between  the 
Tennessee  and  the  headwaters  of  the  Tombigbee  River.  This  last 
feature  was,  however,  dropped  out  of  the  second  issue,  published 
in  1817. 
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The  classiticatioii  of  the  geological  fonnations  a8  adopted  by  Macliire 
J. in  the  later  issue  and  as  given  l)eiow,  was  naturally  largely  Wernerian: 

'  C'l-AhW  I.    PrimUiir  rockn. 

(Sienna  hn>wn.) 

(1)  Granite,  (2)  Gneiss,  (3)  Mica  slate,  (4)  Clay  slate,  (5)  Primitive  limestone, 
(<»)  Primitive  tnip,  (7)  Seri)entine,  (8)  Porphyry,  (9)  Sienite,  (10)  Topaz-rock,  (11) 
Quartz-rock,  (12)  Primitive  flinty  slate,  (13)  Primitive  gypsmn,  (14)  White  stone. 

Class  II.   Trmigition  rocks. 
(Carmine.) 

(1)  Transition  limestone,  (2)  Transition  trap,  (8)  Graywacke,  (4)  Transition  flinty 
slate,  (5)  Transition  gypsum. 

Class  III.   Floetz  or  secoiidary  rocks. 

(Light  blue  J 

(1 )  (dark  blue)  Old  red  sandstone,  or  First  sandstone  formation,  (2)  First  or  oldest 
Floetz-limestone,  (3)  First  or  oldest  Floetz  gypsum,  (4)  Second  or  variegate<l  sand- 
stone, (5)  Soi'ond  Floetz  gypsum,  (6)  Secon<l  Floetz  limestone,  (7)  Third  Floetz 
sandstone,  (8)  Rocksalt  formation,  (9)  Chalk  formation,  (10)  Floetz  trap  foniiation, 
(11)  Independent  coal  formation,  (12)  Newest  Floetz  trap  formation. 

Class  IV.  Alluvial  rocks. 
(Yellow.) 

(1)  Peat,  (2)  Sand  and  gravel,  (3)  I.oam,  (4)  Bog  iron  ore,  (5)  Nagel-fluh,  (6)  Calc 
tuff,  (7)  Calc  sinter. 

His  alluvial  class,  it  will  be  observed,  occupied  that  portion  of  the 
Atlantic  border  beginning  with  Long  Island  and  extending  southward 
au'l  westward  to  the  ^vestern  Ijouisiana  line,  comprising  the  beds  now 
mapped  by  the  L\  S.  Geological  Survey  as  in  part  Cretaceous,  but 
mainly  Tertiary  and  Quaternary,  and  forming  what  is  known,  from 
a  physiographic  standpoint,  as  the  Coastal  Plain.  The  materials 
were  described  as  mainlv  sands  and  clavs,  with  considerable  beds  of 
shell  de|K)sits,  antl  in  New  Jersey  a  greenish-blue  marl  (the  Cretaceous 
glauconitic  marls  of  recent  workers),  used  as  a  manure.  There  were 
also  noted  de]X)sits  of  iron  ore  and  ochre.  His  Primitive  Class  was 
essentially  the  area  mapped  as  Archean  on  the  latest  l\  S.  Geological 
Survey  maps;  the  Transition,  the  narrow  belt  of  sedimentaries  along 
the  Appalachian  range  including  the  vanous  horizons  from  Algonkian 
to  Carboniferous;  and  the  Secondary  class,  all  that  area  to  the  west 
now  known  to  be  occupied  mainly  by  Carlwniferous  and  Silurian  rocks 
with  smaller  areas  of  Algonkian  and  Cambrian.  The  n»d-brown  sand- 
stones (Triassic)  of  the  Eastern  States  were  classed  as  Floetz  or  Sec- 
cmdarv  atid  called  Old  Red  Sandstone.  This  sandstone  he  however 
separated  b\'  a  deep4»r  blue  in  the  IS  18  issue  from  the  secondarj"  rocks 
on  the  western  side  of  the  range,  lK»cause  of  its  having  a  slight  dip 
and  agreeing,  in  the  absence  of  organic*  remains  and  its  relative  posi- 
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tion  on  the  sides  of  many  mountain  ranges,  with  his  Transition  rocks. 
To  the  Transition  beds  he  evidently  referred  all  the  crystalline  lime- 
stones and  dolomites  (marbles)  of  western  New  England  and  the 
Southern  States,  together  with  quartzites  and  gray wackes.  The  roof- 
ing slates,  now  regarded  as  of  Cambrian  and  Silurian  ages,  he  classed 
as  rtecondary.  The  line  between  the  Primitive  and  Transition  mav 
''^perhaps  be  marked  by  the  presence  or  absence  of  organic  remains, 
or  of'tiggregates  of  rounded  particles  the  result  of  former  decompcfef- 
tion,  in  part,  by  the  more  or  less  crystalline  texture  and  its  approach 
toward  deposition." 

To  the  northwest  of  the  Transition  belt  lies  an  immense  area  of  sec- 
ondary rocks,  comprising,  as  above  noted,  the  horizontal  limestones  and 
slates  skirting  Lake  Champlain  about  Ticonderoga  and  Crown  Point. 
There  are  also  "immense  beds  of  secondary  limestones,  of  all  shades 
from  a  light  blue  to  black,  intercepted  in  some  places  by  extensive 
tracts  of  sandstone  and  other  secondary  aggregates,''  which  "'appear 
to  constitute  the  foundation  of  this  formation,  on  which  reposes  the 
great  and  valuable  coal  formation,"  which  ''extends  from  the  head- 
waters of  the  Ohio  in  Pennsylvania,  with  some  interruption,  all  the 
way  to  the  waters  of  theTombigbee."  He  noted  that  along  the  south- 
east boundaries  of  this  formation,  as  on  the  fork  of  the  Holston  in 
Virginia  and  in  Greene  C^ounty  and  the  Pigeon  River  region  of  Ten- 
nessee, gypsum,  salt  licks,  and  salt  springs  had  been  discovered.  In 
his  first  map  this  is  indicated  by  a  line  of  green  extending  northeast 
and  southwest  entirely  across  the  State.  In  the  second  he  continues 
it  northeast  to  New  York.  The  continuation  of  these  as  far  north  as 
Lake  Oneida,  in  New  York  State,  led  him  to  the  conclusion,  since 
abundantly  verified,  that  "we  may  hope  one  day  to  find  an  abundance 
of  those  two  most  useful  substances  (salt  and  gypsum),  which  are 
generally  found  mixed  or  near  each  other  in  all  countries  that  have 
hitherto  been  carefully'  examined."  He  called  attention  to  the  pres- 
ence of  iron  pyrites  in  the  coal  and  limestone,  of  iron  ores  consisting 
principally  of  brown  sparry  and  clay  iron  stone,  and  of  galena  in  the 
Mississippi  valley.  On  the  Great  Kanawha,  near  the  mouth  of  Elk 
River,  he  noted  the  presence  of  ''a  large  mass  of  black  (I  supix)se 
vegetable)  earth,  so  soft  as  to  be  penetrated  by  a  pole  lo  or  12  feet 
deep.  Out  of  the  hole  so  made  frequently  issues  a  stream  of  ludrogen 
gas,  which  will  burn  some  time;"  and  he  queried  *'if  a  careful  exami- 
nation of  this  place  would  not  throw  some  light  on  the  formation  of 
coal  and  other  combustible  sul)stances  found  in  such  abundance  in  this 
formation."  The  occnrrence  of  large  detached  ma.s.scs  of  granite  over 
an  area  from  Harmony,  in  Indiana,  to  Erie,  New  York,  and  thence  to 
Fort  Ann,  in  some  cases  at  least  2(^0  miles  from  any  known  outcrops, 
was  noted,  but  no  suggestion  made  relative  to  their  prolmble  means  of 
transportation. 
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In  this  name  year  S.  Godon  published  in  the  Memoirs  of  the  Ameri- 
can Academy  of  Arts  and  Sciences  a  paper  of  twenty -seven  pages  on 
Mineralogicai  Observations  made  in  the  environs  of  Boston  in  1807 

and  1808. 

Qodon't  .1  .  11.1 

Mineraiofficai  As  custonmry  at  that  time,  rocks  and  minerals  were 

bunched  together  quite  indiscriminately.  He  divided 
his  minerals  into  two  general  groups,  (1)  Simple  minerals  and  (2) 
Aggregate  minerals.  The  simple  minerals  were  then  divided  into 
Acidiferous  substances  (under  which  was  pla(;ed  carbonate  of  limel). 
Earthy  substances,  Combustible  substances,  and  Metallic  substances. 
The  aggregate  minerals  were  classed  under  Primordial  soil  and  Alluvial 
deposits.  Under  the  first  mentioned  (Primordial  soil)  were  placed  all 
the  primary  and  consolidated  sedimentary  rocks  of  the  region.  The 
nomenclature  adopted,  though  somewhat  cumbei*some  and  awkward, 
was  not  more  so  than  others  since  devised,  the  name  of  any  rock  being 
formed  by  adding  the  termination  tnd  to  that  of  the  most  chai^ac-teris- 
tic  mineral.  Thus  ainphlboloid ^  feldsparold^  arglllold  were  the  names 
of  rocks  in  which  amphibole,  feldspar,  or  clay  formed  the  chief  con- 
stituent. The  rhyolites  (quartz  porphyries  and  felsites)  of  the  region 
were  classed  as  simple  petrosilex  and  compound  petrosilex  and  the 
Dorchester  conglomerate  as  wacke. 

The  paper  offers  a  striking  evidence  of  the  lack  of  knowledge  of  the 
composition  of  rocks  and  of  chemical  methods  at  that  date.  Thus  an 
attempt  was  made  at  analyzing  the  "  argilloid-'  by  reducing  100  parts 
to  a  ''  subtile'"  powder  and  mixing  it  with  an  equal  part  of  concentrated 
sulphuric  acid.  After  standing  fifteen  days  the  solid  portion  remain- 
ing was  removed  from  the  solution  (method  not  stated),  washed,  and 
weighed,  whereby  it  was  found  that  85  per  cent  remained.  The  solu- 
tion was  allowed  to  evaporate  to  dryness,  and  from  the  precipitated 
sulphate  of  lime  thus  obtained  it  wa^  calculated  that  5.5  partis  out  of 
the  15  parts  soluble  were  of  lime.  Alumina  and  iron  were  determined 
by  precipitation  by  ammonia — 6.75  parts  obtained.  The  liquid  remain- 
ing from  the  alumina-iron  filtnite  was  then  dried  and  heated  till  the 
ammonia  was  driven  off,  the  substance  left  dissolved  in  water  and 
allowed  to  crystallize,  producing  an  admixture  of  '"  well  characterized 
sulphate  of  potash  and  sulphate  of  soda.''  '"■  This  analysis,''  while  con- 
fessedly not  of  great  accuracy,  he  wrote,  ''  Ls  sufficient  to  establish  the 
important  fact  of  the  existence  of  potash  and  soda  as  elements  in  some 
rocks  in  this  part  of  the  world."     Truly  an  important  discovery  1 

In  the  same  memoirs  and  this  same  year  Prof.  Parker  Cleaveland,  of 
Bowdoin  College,  perhaps  all  unintentionally,  startc»d  the  controversy 
relative  to  Glacial  and  post-Cllacial  uplift  and  depression  by  announ- 
cing the  finding  of  fossil  shells  belonging  to  genera  still  living  in 
deposits  of  sand  and  clay  well  above  sea  level  at  Brunswirk,  Maine. 
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In  Janiurv,  1810.  there  was  etitabliiihed  by  Prof.  Arcbilmkl  Bniw 
the  American  Mineralogical  Journal,  the  tir»t  American  publication 
desig^ied  primarily  for  geologists  and  niineraiogiKts.     The  life  of  this 

journal  was,  however,  short,  the  last  i.ssue  bearing  the 

MtDwaiBBicai  date  of  1S14,  and  the  whole  number  comprising  but 

270  pages. 

The  first  piiper  was  by  Samuel  L.  Mitchilt.  professor  of  natural  his- 
tory and  botany  in  the  University  of  the  State  of  New  York.  This 
coDijisted  of  an  annotated  catalogue  accompimying  a  suite  of  mineral 
specimens  made  during  a  tour  to  Niagara  in  1H09. 

Among  the  other  papers  which  followed  mention  uihv  )>e  made  of 
one  by  Colonel  Gibbs  on  the  Iron  Ores  of  Frunconia,  New  Hampshire; 
by  Benjamin  Sillinian  on  the  I^ead  Mines  near  Northampton,  Massa- 
cbuHett^;  by  .lames  Catbusb  on  the  Blue  Earth  of  New  Jersey,  and  by 
W.  Meade  on  Elastk-  Marble,  a  "fossil  of 
rare  occurrence'"  found  near  Pittsficld, 
Massach  i  wetts. 

The  more  impoitant  strictly  geoloyical 
papers  were  by  Dr.  Samuel  Akerly  and 
included  a  geological  account  of  Dutchess 
County  in  New  York,  one  on  the  improba- 
bility of  tindingcoal  on  Ijong  Inland  oi'  in 
the  vicinity  of  New  York,  and  one  on  the 
geology  and  mineralogy  of  the  island  of 
New  York,  Akerly  described  the  high- 
lands of  Dutchess  County  as  consisting  of 
granitic  rocks,  and  the  whole  country  north 
of  the  highlands  an  underlaid  with  primitive 
Hiate,  most  of  the  hilU  Iwing  composed  of 
limestone.  New  York  Island  was  descvilied  us  underlaid  throughout 
it«  northern  part  by  primitive  rock.s.  granite,  and  limestone;  the  south- 
ern part,  upon  which  the  then  existing  city  was  built,  as  composed  of  ■ 
an  alluvion  of  sand,  stone,  and  i-ocks.  This  he  regarded  as  a  ivcent 
deposit  "subsequent  to  the  creation  and  even  the  deluge,"  The  man- 
ner in  which  this  alluvial  material  was  deposited  lie  descrilied  as 
follows; 

Afl«r  thi- waters  of  the  Delnge  hiul  retired  from  this  <i>]ilineiit.  Iliey  left  n  vm^t 
rhuin  of  lakes,  some  of  whii'h  are  Htill  eonAnetl  within  their  m<'ky  Irarriers;  otheri^ 
have  dtiee  broken  ttieir  IxiundH  ami  nniteil  with  the  cK-eHii.  Tlie  hi^>ilatiiiH  of 
New  York  wan  the  southern  Iwunilary  of  a  huge  W)llei-liori  .if  water,  wliii'h  was"  rim- 
finf^  on  the  west  by  the  Shawangunk  ami  Kxttf-kill  iiioiitilainii.  The  hills  oti  the 
eart  of  the  HuiIhod  eonlined  il  tlierc.  M'hen  the  hilln  wen-  cleft  unil  th<-  itiunntaiiiH 
torn  a«uDder,  the  water  fouml  veitl  and  overfloweil  the  i-oiiiitry  tu  the  poiilh.  It 
wa«  then  that  the  ehaniiel  of  tlif  IliulHini  was  fnrnjeil,  ami  ili-  Hlreatii  liax  never 
fiiu-e  (eaw^l  to  flow.  The  eaHli.  xaiid,  ^^lonei',  anil  roeks  l>r<>ii)£ht  <l>wn  In  this  tor- 
rent were  de^Hifiled  in  various  |ilaii'!'.  ac  on  this  island,  Ijong  lelatid.  Slati-ii  Island, 
and  the  Jert«j-».     This  opinion   is  tnostly  hypothetii-al,  Itecause  iineu|it>orte"i   Ity  a 
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sufficient  number  of  facts,  but  that  it  is  probable  may  be  judged  by  what  follow9. 
(See  Mitchill's  views  on  p.  231.) 

In  the  same  journal  Samuel  Brown,  of  Lexington,  Kentucky,  gave  a 
description  of  a  cave  on  Crooked  Creek,  with  remarks  and  observa- 
tions on  niter  and  gunpowder;  Robert  Giimore,  a  descriptive  cata- 
logue of  minoi'als  occurring  in  the  vicinity  of  Baltimore;  while  S.  L. 
Mitcrhill  proposed  an  amendment  to  Maclure's  chart  of  the  United 
States  so  far  as  it  related  to  the  character  of  the  north  side  of  Long 
Island,  which  he  showed  to  be  alluvial  and  not  primitive,  as  stated, 
and  Benjamin  Silliman  described  the  plain  of  New  Haven  as  wholly 
alluvial  and  of  very  recent  origin.  This  paper  is  evidently  a  partial 
reprint  of  one  otTered  before  the  Connecticut  Academy  of  Sciences 
in  1810  and  referred  to  elsewhere  (p.  21 H). 

A  paper  by  J.  Corre  de  Serra,  the  Portuguese  minister  then  resid- 
ing in  Philadelpliia,  read  Ix^forc  the  American  Philosophical  Society 
in  1815,  and  published  in  their  Transactions  in  1818,  is  of  interest  as 
showing  the  condition  of  knowledge  relative  to  so  commonplace  a 
phenomenon  as  that  of  rock  weathering  and  formation  of  soils.  His 
paper  was  entitled  Observations  and  Conjectures  on  the  Formation 
and  Nature  of  the  Soil  in  K(»ntuckv.  He  regarded  this  soil  as  the 
product '*  of  the  decom{X)sition  of  an  immense  deposit  of  vegetables 
which  the  ocean  had  left  uncovered  by  any  other  deposition." 

It  may  l>e  remembered  that  Jefferson,  in  his  notes  on  the  State  of 
Virginia,  had  descril)ed  in  considerable  detail  and  very  eloquently  the 
now  well-known   Natural   Bridge  of    Rockbridge  County,  which  he 

regarded  as  spanning  a  gigantic  fissure,  the  result  of 
ideMonthe  souie  great  convulsion.     In  the   1  mnsactions  of  the 

Natural  Bridge.  ,  t*i  •!  i  •      i    i       •  ..        ^     ^      /.  ^  ^\  -r^ 

American  Philosophical  Society  for  181<)  (1818)  r  rancis 
William  (lilmer  had  a  paper  on  the  same  subject,  illustratexl  by  a  full- 
page  plate.  The  bridge  was  de^scribed  in  detail  and  its  formation 
ascribed,  not  to  a  sudden  convulsion,  as  argued  by  Jefferson,  or  to 
any  extiiiordinarily  sudden  deviation  from  the  ordinary  laws  of  nature, 
but  to  the  "very  slow  o|)eration  of  causes  whi<h  have  always  and 
must  ever  continue*  to  act  in  the  same  manner."'  This  cause  he  rightly 
considered  to  be  the  solvent  action  of  meteoric  waters  on  limestone. 
In  this  respect  (iilmer,  although  s<*arcely  known  to  geological  science, 
was  vastiv  in  advance  of  the  workers  of  his  dav. 

Thret*  vears  later  the  Rev.  Elias  (\)rneliiis,  a  man  of  educjition  and 
culture,  but  whose  professional  training  se(»ms  to  have  quit<5  unfitted 
him  for  the  work  of  a  g(»ologist,  also  discussed  the  subject  in  a  paper 

in  th(»  American  Journal  of  Science,  giving  the  results 

Viewtofthe  i.  i  •        i  .•  i.i  i  e  ^       £  \7'       •    > 

Rev.  E.  Corneiiut.      of  his  ol)s(Mvations  on  the  geology  or  parts  of  Virginia, 

Tenness(»e,  and  the  Alabama  and  Mississippi  territo- 
ri(»s.  He  dissented  from  an\'  of  the  vi(»ws  thus  far  expressed,  and  in 
the  sublimity  of  his  faith  could  see  no  good  reason,  or  in  his  own 
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words,  no  ^'difficulty  even  in  supposing  it  (i.  e.,  the  bridge)  to  have 
proceeded  from  the  hand  of  the  Almighty  as  it  is." 

Next  to  Madure's  Observations  on  the  (xeology  of  North  America, 
undoubtedly  the  most  important  of  the  earlj'  publications  was  Parker 
Cleaveland's  Elementary  Treatise  on  Mineralogy  and  Geology,  a  work 

of  upward  of  six  hundred  pages,  with  five  plates  of 
rSu^lew*  crystal  drawings  and  a  colored  geological  map. 

^SSnrH^tSf  For  most  of  the  geological  observations  and  for  the 

map  Cleaveland  was  indebted  to  Maclure  and  to  writ- 
ten communications  from  H.  H.  Ha3'den.  The  principal  variation 
from  Maclure's  map  laj'  in  the  adoption  of  the  suggestion  of  S.  L. 
Mitchill  regarding  the  extension  of  the  alluvial  deposits  on  Long  Island. 
It  further  differed  from  that  published  by  Maclure  in  1817  in  that  a 
large  portion  of  southern  and  western  Maine  was  colored  as  occupied 
by  transition  rocks,  this  area  having  been  left  blank  by  Maclure. 

The  classification  adopted  in  the  work  was  largely  chemical,  the 
minerals  l>eing  divided  into  (1)  classes,  (2)  orders,  (8)  genera,  and  (4) 
s|>ecies,  his  definition  of  species  l>eing  '"a  collection  of  materials 
which  are  composed  of  the  same  ingredients,  combined  in  the  same 
proportions.'' 

In  the  tabular  view  given,  all  known  minerals  were  grouped  under 
four  classes,  us  follows:  Class  1,  substances  not  metallic,  composed 
entirely  or  in  part  of  an  acid;  class  2,  earthy  comi)ounds  or  stones; 
class  8.  combustibles,  and  class  4,  ores.  As  was  the  case  with  all 
writers  of  that  day,  l>asalt  and  several  other  compact  rocks  of  indis- 
tinct mineralogical  nature  were  classed  as  minerals.  Thi^s  is  found 
under  class  2,  species  Ib^  porctlUinite ;  species  1<>,  nil  iron  Mlatt-;  specie^ 
32,  (tntrrahL  and  species  34,  himlt.  This  last  was  described  as  never 
crystallized  but  occurring  ''in  large  amorphous  masses,  but  also  under 
a  columnar,  tabular,  or  globular  form''  and  passing  insensibly  into 
*"' greenstone,  wacke,  and  perhaps  clinkstone." 

Not  only  was  the  mineralogical  nature  of  ^>asalt  little  undorstocxl, 
but  even  its  relationship  to  volcanic  roi*ks  as  well  It  was  descril>ed 
as  sometimes  found  in  countries  decidedly  volcanic,  but  seldom  near 
the  craters  of  still  active  volcanoes;  '*onthc  contrary,  it  appears  at 
the  foot  of  volcanic  mountains  and  sometimes  almost  surrounds  them."" 
Some  of  the  most  noted  localities  mentioned  are  the  (liant's  Causeway, 
island  of  Staffa,  the  Erzgebirge,  Auvergne,  etc.  Its  occurrence  in 
the  United  States  was  regarded  as  doubtful,  though  he  noted  its 
reported  oirurrenceon  the  Stony  (Rocky)  Mountains.  It  was  regarded 
as  of  lK)th  igneous  and  aqueous  origin. 

Anthi"a4*ite,  which  forms  sp(»cies  0  under  <*lass  3,  combustibles,  was 
des4-rilx»d  as  '\strongly  resc^mbling  <vW,  from  which,  liow(»vcr,  it 
materially  differs.'"  It  was  said  to  occur  in  i)rimitive  or  transitioiml 
rocks,  though  sometimes  connected  with  secondary  rocks.     Obviously, 
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therefore,  it  is  stated,  it  has  not,  at  least  in  many  ceases,  resulted  from 
the  decomposition  of  vegetable  matter. 

Pages  586  to  636  of  Cleaveland's  first  edition  included  an  introduction 
to  the  study  of  geology.  Some  of  the  statements  here  made  are  of 
interest :  '*  Most  of  those  extensive  masses  of  strata,"  he  wrote,  '*  with 
which  geology  is  concerned  are  compound  minerals,  or  aggregates, 
composed  of  two  or  more  simple  minerals  mingled  in  various  propor- 
tions and  denominated  rocks."  While  thus  a  division  into  species  and 
genera  may  be  possible  with  minerals,  with  rocks  the  case  is  quite 
different.  ''It  is  obvious  that  thev  can  not  admit  of  distinctions 
which  are  strictly  specific.'"*  This  observation  holds  good  to  the  pres- 
ent day.  His  remarks  on  the  position  of  the  beds  of  rocks  were  no 
less  interesting: 

When  primitive  rocks  are  stratified  the  strata  are  seldom  horizontal.  On  the 
contrary,  tlicv  are  often  highly  inclined  and  sometimes  nearly  or  quite  vertical. 
Hut  whether  these  strata  were  originally  inclined  or  whether,  subsequent  to  their 
formation,  they  have  been  changed  from  a  horizontal  to  an  inclined  position  by  the 
action  of  some  powerful  <'aiise,  is  a  question  on  which  the  most  distinguished  geolo- 
gists are  divided  in  opinion. 

Agjiin: 

It  is  furtlier  evident  tliat  the  higher  the  level  at  which  an)' rock  appears  at  the 
surface  of  tlie  cartli,  the  older  is  the  rock;  for  it  so  declines  as  to  pass  under  those 
rocks  which  aj>pear  at  a  lower  level.  The  only  exception  to  this  general  fact  appears 
in  those  horizontal  strata  of  secon<larv  rocks  which  sometimes  rest  on  the  summits 
of  high  mountains. 

The  theory  of  the  earth  adopted  by  Cleaveland  is  apparently  that  of 

Cuvier.     In  his  discussion  of  the  origin  of  rocks  and  geological  sj's- 

teins  he  was  for  the  most  part  a  follower  of  Werner,  though  he  recog- 

iiv/A'd  some  of  the  ditficiilticvs  attendant  upon  the  complete  adoption  of 

the  Neptunian  theory.     ''Though  its  general  outlines  may  be  correct, 

w(*  ai(»  yet  unable  to  give  its  detiiils.     It  seems,  however,  to  be  rather 

encumbered  with  diliiculties  than  absolutely  confronted  by  existing 

facts. ''    I  lis  views  rega rding  volcanoes  were  largely  a  reflection  of  those 

advocated  by  his  Kuropc^an  cont<»m|K)raries,  and  need  but  brief  allusion. 

Many  parts  of  the  external  crust  of  the  earth  are  subject  to  the  action  of  subter- 
raneous tire.  In  some  cases  these  fires  are  comparatively  ndld  and  produce  no  impor- 
tant effei'ts,  exceptinj;  the  destruction  of  the  comhustihles  which  feed  them,  and  are 
nothing  more  than  coal  mines  in  a  state  of  conduistion.  But  in  other  cases  these 
suhtei raucous  fires  ra^c  with  resistless  im|>etuosity. 

Cleaveland  was  a  graduate  of  Harvard  in  the  class  of  1799,  and  was 
in  1S05  appointed  to  the  professorship  of  mathem»itics,  natural  phi- 
losophy, chemistry,  and  mineralogy  in  Howdoin  College,  Brunswick, 

Maine.  He  is  described  by  his  biographcM*  (the  elder 
CkMveiimd.  Silliuian)  as  a  man  of  great  natural  ardor  and  activity, 

with  a  reputation  forz(»al,  industry,  and  learning.  To 
these  statements  cc^rtainly  no  one  will  take*  exc(»ption,  when  the  period 
and  magnitude  of  liis  work  and  manifold  chanu'ter  of  his  professional 
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dutie»s  are  taken  into  consideration.  It  must  be  remembered  that  his 
wa«  the  first  attempt  made  in  America  at  a  systematica  treatise  on  min- 
eralojry.  (Shepard's  came  sixteen  and  Dana's  twenty-one  years  later.) 
The  only  available  foreign  works  were  those  of  Jameson,  Kirwan, 
Werner,  and  Brongniart;  moreover,  there  were  in  America  few,  if 
any,  important  mineral  cabinets,  those  of  B.  D.  Perkins,  Archibald 
Bruce,  and  Col.  George  Gibbs  alone  being  worthy  of  mention.  The 
work,  we  are  told,  was  received  with  great  favor,  two  editions  being 
issued,  the  second  in  two  volumes  bearing  date  of  1822.  A  third  was 
called  for  Imt  never  prepared,  owing  to  the  failing  health  of  the  author.** 

An  interesting  side  light  is  thrown  by  one  of  the  reviewers  of  the 
first  edition  upon  the  condition  of  the  science  at  that  time.  Thus  he 
wrote  of  Hauy's  "curious  discoveries  regarding  the  six  primitive  fig- 
ures or  solids  which  form  the  base  of  all  crystals,"  and  called  it  "  the 
most  singular  and  acute  discovery  of  our  age,"  though  "there  is  a 
difference  of  opinion  among  mineralogists  as  to  the  pi*actical  use  of 
crystallography  in  the  discrimination  of  minerals."  The  same 
reviewer  naively  remarked:  '^In  this  age  of  bookmaking  it  is  no  small 
negative  praise  if  an  author  l)e  acquitted  of  unnecessarily  adding  to 
the  onerous  mass  of  Iwoks."'* 

Not  satisfied  with  his  fii*st  edition,  which,  according  to  Marcou,  was 
published  during  the  author's  absence  in  Europe,  Maclure  immediately 
set  about  obtaining  the  necessary  information  for  a  revision,  and  in 

1817,  after  eight  years  of  hard  work,  presented  the 

Sccoofl  Euluoii  of 

mmeim't  amended  memoir,  which  was  republished  in  the  trans- 

actions of  the  Philosophical  Society  and  also  in  the 
form  of  a  separate  volume  of  127  pages^  l)earing  the  same  date.  The 
second  issue  differed  considerably  from  the  first,  the  most  conspicu- 
ous features  being  the  delineation  of  the  mountain  I'anges  and  the  cor- 
rection of  many  minor  details  regarding  the  distribution  of  various 
geological  formations. 

On  Plate  2  of  this  issue  he  gave  five  sections  across  the  United  States 
from  the  Atlantic,  through  the  Appalachian  regions  and  the  secondary 
rocks  of  the  Mississippi,  which  were  colored  to  correspond  with  the 

<»  In  a  letter  date<i  Madrid,  Au^st  20, 1822,  Maclure  writes  to  Cleaveland  a?  follows: 
*I  felicitate  you  on  a  second  e<iition  of  your  mineralogy  beinjj  so  scmn  necessary. 
The  mineralogical  professor  here,  Dn.  Donato  Garcia,  has  the  intention  of  trans- 
lating your  work  into  Spanish  as  the  ^)est  elementary  l)ook  yet  knr>wn."  As  to 
whether  or  not  this  intention  was  carrie<l  out,  the  present  writer  has  no  information. 

*  The  second  American  work  on  mineralogy  by  one  who  could  with  propriety  be 
called  a  mineralogist  and  original  worker  was  Prof.  C.  V.  She|>anrs  Treatise  on 
Mineralogy,  Shepard  being  at  that  time  twenty-eight  years  of  age  and  an  assistant  to 
Professor  Si  I  liman  at  New  Haven.  The  work,  which  was  founded  on  that  of  the  well- 
known  Austrian  minera]r)gist,  Mohs,  ap|K*ared  in  the  form  of  a  small  o<-tavo  volume 
of  256  pages.  In  18.'i5  a  se<'on<l  j>art  in  two  vrilnmes  of  6,'^)  |Kiges  api>eare<l.  Beiii^ 
purely  mineralc>gical  in  its  nature,  but  passing  note  can  Ik*  made  of  it  hcn>.  A  siH'ond 
edition  was  iasaed  in  1H44. 
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«chenio  in  the  map.  (See  Plate  5.)  The  first  section  extended  from 
Camden  in  Penobscot  Bay,  Maine,  to  Oxhoro,  near  Kingston,  on  Lake 
Ontario;  the  second  from  Plymouth,  Massachusetts,  to  Cayuga  Lake, 
New  York;  the  third  from  Egg  Harbor,  New  Jersey,  to  Pittsburg, 
Pennsylvania;  the  fourth  from  Cape  Henry,  Virginia,  to  Arlington, 
in  the  same  State,  and  the  fifth  from  Cape  Fear,  North  Carolina,  to 
Warm  Springs,  in  the  same  State.  The  poverty  of  information  at 
that  time  relative  to  the  Rocky  Mountain  region  is  shown  in  the  state- 
ment that  "'  the  tops  of  the  Stony  Mountains  are  covered  to  a  consid-  * 
erable  extent  with  perpetual  snows  and  pendent  glaciers." 

As  was  the  case  with  a  majority  of  the  earlier  surveys  and  geological 
text-books,  considerable  attention  was  given  to  the  relation  of  the 
science  to  agriculture,  and  the  two  closing  chapters  of  the  second  issue 
were  given  up  to  Hints  on  the  Decomposition  of  Rock,  with  an 
Inquiry  into  the  Probable  Effects  thc}^  may  Produce  on  the  Nature 
and  Fertility  of  Soils.  The  kinds  of  soils  resulting  from  the  decom- 
jK)sition  of  various  rocks  were  discussed  with  particular  attention  to 
their  physical  nature,  but  while  occasional  references  were  made  to 
their  content  of  lime,  the  alkalies,  and  other  constituents,  no  chemical 
analyses  were  given,  nor  was  their  desimbility  apparently  appreciated. 

It  does  not  seem  to  have  been  realized,  however,  that  throughout 
the  entire  glaciated  area  as  now  known  there  may  be  little  connection 
Iwtween  the  soils  and  the  rocks  immediately  underlying  them. 

During  181 S,  as  already  noted,  there  was  founded  the  American 
Journal  of  Science,  or,  as  it  was  familiarly  called,  Silliman^s  Jour- 
nal, the  first  volume  bearing  on  the  title-page  the  date  1819.     It  is 

notable  as  being  the  first  American  journal  to  be  given 

The  American  ,  'i*ii*  ii  ii 

Joanuu  of  Science,     up  largely  to  geological  subjects,  although  other  8C1- 

t»nces  were  by  no  me^ins  debarred.  In  fact,  as  noted 
in  his  plan  of  the  work,  the  Journal  was  intended  to  embmce  the  circle 
of  the  physical  sciences  and  their  application  to  the  arts  and  to  every 
useful  purpose. 

From  its  earliest  inception  geological  noti^s  and  papers  occupied  a 
prominent  place  in  its  pages,  and  a  perusal  of  the  numbers  from  the 
date  of  is^^ue  down  to  the  present  time  will,  alone,  afford  a  fair  idea  of 
the  gradual  progress  of  American  g(H)l()gy.  I  shall  note  in  the  follow- 
ing pjig***^  many  articles  taken  from  the  Journal,  particularly  the 
earlier  rmmbers,  as  serving  best  to  illustrate  the  condition  of  the 
scicnc<»  at  the  time  of  their  issue. 

Among  the  earliest  publications  on  the  geology  and  mineralogy  of 
N«*w  England  mention  must  be  made  of  J.  F.  and  S.  L.  Dana's  Out- 
lines of   the  Mineralogy  and  (Jeologyof  Host  on  and  Vicinity,  which 

bears  tlHMljite  of  I  SIS,  and  which  is  further  noteworthy 

Dana's  Qeolovy  and  I'l  t»      i  -j-i 

yjneraioKy  of  for  containiiiir  ;i  ir<*<>l<)irical  map  of  the  an^a  indicated. 

Boston    IHIN  ^        ^^  i^  i  7 

being  ant<»(lated  only  a  year  by  Edward  Hitchcock's 
geological  map  of  a  part  of   Massachusetts  on  the  Connecticut  River 
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luid  the  various  n'|irints  of  Macliirc'H.  The  o Ions ilicat ion  aiiopted  was* 
thul  of  Wornor.  and  honce,  of  course,  purely  litholo^iiul.  The  vurioun 
n>cks  (>nuiru>rat«<l  and  colored  on  the  nmp  were:  I.  The  Primitive, 
including  granite,  ai^iitite,  primitive  trap,  poqihyrv,  and  syeiiit*-;  II. 
Transition,  including  amygdaloid  and  graywacke;  and  111.  Alluvial, 
including  Hand,  pebbles,  clay,  and  peat.  No  granite  wa.s,  however, 
recorded  aw  in  place,  the  granite  of  Quincy  and  the  areas  west  of  notth 
of  Marhlehead  l)eing  colored  as  syenite.  Tlie  iirgiltite  was  i-egiirded 
as  the  oldest  rock  occurring  in  the  vitrinity,  and  wa.s  repreaented  as 
forming  gently  undulating  eailnences  in  Charlestown,  Wat«rtown, 
Chelsea,  and  Quincy.  Greenstone,  or  primitive  trap,  was  represented 
an  occupying  all  of  the  Marble head-Salem  areas  and  large  areas  to  the 
west,  including  Stoneham  and  Lexington.  Porphyry,  "a  compound 
riK'k  having  a  compact  basis,  in  which  are  embedded  crystals  or  grains 
of  other  minerals  of  contemix)raneous  formation,"  and  which  |>asses 
into  l>oth  syenite  and  petrosilex,  they  found 
in  Maiden,  Lynn,  and  Chelsea,  while  the 
large  area  beginning  at  the  shore  east  and 
north  of  Lynn  and  extending  southwest- 
war<l  as  far  as  Maiden,  was  colored  as  /^■/r/i- 
x/f'j;  .\  wide  strip,  extending  from  just 
west  of  the  Charles  Kiver  to  the  coast,  in- 
cluding Brookline.  Roxbury,  and  Dorches- 
ter, was  colored  as  (//•at/tear;ie,  this  being,  of 
course,  the  conglomerate  of  later  writers. 
On  the  northern  and  western  edges  of  this 
are  narrow  l>elts  c'olored  as  nmygilalmd^  the 
same  l>eing  the  rock  later  shown  by  Benton 
to !«  melaphyr,  or  ancient  basaltic  lava  flow. 
The  minerals  as  described  were  divided 
into  Cla.-'s  I.  Earthy  fossils;  Class  II.  Saline  fossils;  Class  111. 
Inflammable  substances;  and  Class  IV.  Metalltck  fossils.  Under 
Class  I  were  included  the  phosphates  and  carltonates  of  lime,  quartz, 
such  silic»t«M  as  mica,  shorl,  feldspar,  garnet,  epidote,  the  ampbi- 
boles,  ete.,  and  such  compound  substances  as  |)etrosilex,  basalt, 
wacke,  schaalstone,  argillaceous  slate,  and  clay.  The  second  clas.s. 
Saline  Fossils,  imluded  but  a  single  species,  sul]>hute  of  iron.  Class 
III  included  hydrogen  gas  and  peat,  and  Cla.ss  IV  sulphides  and 
chlorides  of  copper,  sulphide,  oxide,  and  carl>onate  of  iron,  sniphide 
of  lead,  and  oxide  of  manganese.  The  cla.sses  wore  subdivided  into 
orders  and  the  orders  into  genera.  s(>ecies,  sul)species,  and  varieties. 
Thus  novaculite  was  considered  a  subspecies  of  argillaceous  slate,  a 
species  under  Ordei  II,  Nonacidiforous  substances  of  Class  I.  I*jirtby 
fossils.  Altogether  some  21  sjH'cies  of  Earthy  fossils  were  recog- 
nized. 1  of  Saline  fossils,  •!  of  Infliimmablc  sul>stances,  and  S  of 
Metallick  fossils.    These  were  all  described  in  detail,  their  piiysicul 
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characters  and  conduct  before  the  blowpipe,  and  their  place  of  occur- 
rence. Perhaps  no  better  means  of  showing  the  condition  of  the 
science  at  that  time  can  be  found  than  by  reproducing  here  a  page  of 
the  original  descriptive  matter  under  Class  I,  Order  II. 

Species  VII — Wacke. 

Wacke,  (leavelaud,  p.  287.  Wacce,  Jameson^  vol.  1,  p.  87(>.  Wacken,  Kmvjn^ 
vol.  1,  p.  223.     Wakke,  Aikin,  p.  254. 

External  char<icters. 

Its  colours  are  grey  and  purple.  Of  grey,  it  occurs  blackisli  grey  and  g^reenish 
grey;  of  purple,  lavender  purple.     The  colours  vary  nmch  in  their  intensity. 

It  is  dull. 

It  is  amorphous  and  cellular. 

It  exhales  a  strong  argillaceous  odour  when  breathed  upon. 

It  adheres  to  the  tongue. 

Its  streak  is  greyish  white,  with  a  reddish  purple  tinge  in  some  parts,  and  is  dull. 

It  is  moilerately  hard,  passing  to  soft. 

The  fracture  is  from  fine  grained  uneven  to  earthy;  some  sj)ecimens  show  a  slightly 
slatv  structure. 

It  is  brittle. 

It  is  easily  frangible. 

The  fragn)ents  are  indeterminately  angular  and  not  particularly  sharp  edged. 

Its  specifick  gravity  is  about  2.88.  ^ 

( liijmical  characters. 

Before  the  blowpii)e  it  melts  into  an  opaque,  semi-vitreous  mass  which  ap|)ear8 
porous  when  bn)ken. 

(icolof/ical  situation  and  localities. 

It  (H!cur8  in  be<ls  in  Petrosilex  at  Milton,  ami  forms  the  basis  of  Amygdaloid  at 
Brighton,  llingham,  Newton,  c^c,  and  it  is  found  also  in  rounded  fragments  at 
Xeedham,  Newton,  Brighton,  &c. 

Remarks. 

This  mineral  sometime^i  much  resembles  ferruginous  clay,  and  is  intermediate 
lK»tween  ("lay  and  Basalt.  It  is  very  liable  to  decomponiticm,  and  when  it  fonns  the 
biisis  of  Amygdaloid,  by  undergoing  this  change,  it  leaves  the  imlxnlded  minerals 
projtM'ting,  or  they  fall  out  and  leave  the  Wacke  cellular.  « 

In  1818  there  was  published  by  Kirk  and  Mercein  in  New  York 
Kolwrt  Jameson's  translation  of  C.'uvic^r's  celebrated  essay  on  the 
Theory  of  the  Earth,  and  with  it  S.  L.  MitchilFs  Observations  on  the 

Cireoloirv  of  North  America.''     It  is  the  Observations 

MItchlUonthe  ,  ,  ,  ^         .  j    ^i  • 

Qeoiojy  of  North        alonc  that  need  now  receive  our  attention,  and  this 

with  particular  reference  only  to  what  is  said  regard- 
ing the  origin  of  the  drift.     Mitchill  was  one  of  the  most  prominent 

"This  work  wa.«  the  subje<'t  of  a  scathing  review  in  the  Analectic  Magazine,  XIII, 
1819,  where  the  writers  were  accused  of  having  borrowed  at  leant  three-fourths  of 
their  material  "for  the  men*  jmrpose  of  eking  out  the  matter  tn  the  pro|)er  size  of  a 
justam  loiumen — <>f  l)orrowing  the  most  elementary  ideanof  the  mostcommon  authoiB." 
*  *  *  *'A  Htudent  who  ha*<  read  either  Cleaveland,  Jamewon,  or  Aikin,  wdl  find  not 
a  tHMitence  that  is  new  in  at  least  nine-tenths  of  the  lxx)k;  which  is  in  fact  a  disgrace- 
ful example  of  literary  lM>ok-making,  at^  it  resj>ect8  lx)th  the  matter  an<l  the  manner.** 

''There  was  manifested,  particularly  by  the  publishing  houses  of  Philadelphia,  an 


AUERICAN    QKOtOOy MACLUBEAN    ERA,   178.>-lfilB.  231 

s«-ionti(ic  men  of  hiH  day,  had  read  and  tnivcled  extensively,  and  it  may 
Ijc  aafe  to  aijMmiie  that  tho  viewM  held  by  him  were  nupposod  to  rewt 
upon  a  good  fumidation,  though  they  were  not  wholly  accepted,  a^i  ia 
mentioned  later. 

It  wag  MitcbilPm  idea  that  the  Great  Lakea  were  the  shrunken  rep- 
i-eKentative!!<  of  great  internal  seas  of  salt  water,  which  ultimately 
broke  through  their  tmrriers,  the  aatine  lakes  iK-ccmin^  gradually 
freshened  by  a  constant  influx  of  fresh  water.  The  remains  of  Hie 
barriers  which  held  Itaek  for  a  lime  this  iidimd  sea  he  thought  to  bt> 
still  evident.  One  of  them,  he  wrote,  seemed  to  have  circuiuscrilK'd 
to  a  certain  degree  the  waters  of  the  origimil  Lake  Ontario  and  to  Iw 
still  traceable  as  a  mountainous  ridge  l»e- 
yond  the  St.  Lawrence  in  upper  Canada, 
northeast  of  Kingston,  passing  thence  into 
New  York,  where  it  formed  the  di%'ide 
lietween  the  present  lake  and  the  St.  Law- 
rence, and,  continuing  to  the  north  end  of 
Lake  George,  apjiarently  crossed  the  Hud- 
son alK>ve  Iladley  Falls.  Thence  he  Ix'- 
lieved  it  to  run  toward  the  eastern  sources 
of  the  Susquehanna,  along  the  Cookwago 
and  Pa[)achton  branches  of  the  I^elawaiv. 
crossing  the  last  named  a  little  north  of 
{■jisttm  (Delaware  Watergap),  the  Lehigh 
north  of  Heidolbui^  (Lehigh  Gap),  and  the 
Schuylkill  noi-thwest  of  Hamburg  in  I'enn- 
(tylvania.  Continuing  thenct^  along  to  the  north  of  llarrisburg. 
across  the  Sus()uehanna,  in  a  southwesterly  direction  until  it  enti-red 
Maryland,  and  passed  the  Potomac  at  IIar]jers  Ferry  into  Virginia, 
where  it  l>ecame  confounded  with  the  Alleglicny  MountHins.  Thence 
gradually  disappearing,  traces  of  it  appeared  t<i  the  westward,  as  at 
Cumlierland  (iap  in  Tennessee  and  the  mountains  west  of  Cape 
(iirardeau  l»eyond  the  Missi.ssijipi. 

It  is  evident  that  for  a  good  part  of  its  course,  as  traced,  this  luirrier 
wH.'t  but  the  Blue  Kidge,  while  in  eastern  New  York  it  was  comprised 
mainly  of  the  Catskills  and  Adirondacks. 

To  approi'iate  Mitchill's  view,  then,  we  have  to  imagine  this  now 
broken  and  gap[>ed  ridge  as  continuous  throughout  its  whole  extent, 
forming  a  vast  dam  holding  Imck  the  waters  of  several  snlt  iidand  si>ns 

•■•rly  teiulMiry  lo  re|irint  many  iif  the  KiiKlifli  wi.rki"  mi  (((■■ilivy  hiiiI  iiiiiit'nili)|ty. 
Thif  flnds  ilK  niiiri  iTn|iortaiil  illiintntti'iii,  [n>iii  Ilie  |>n-!«'iit  >>Un<li->iiil.  Jti  llie  r>'|>riiit- 
imt  <i(  Frtxleriik  An-iimi-'i  A  Praclical  l-iiway  <in  lli>'  AiiulywR  uf  MiiienilB  t  I'liilmli-I- 
l>hu,  IHOe);  CuviiT'-  V^mny.  an  ii..t«-.l  al^.v.-;  Hak.-w.M'H  An  Iiitri-lu.ti..ii  I..  ( if-.lony 
(Nrw  Haven,  isat);  CinierV  .A  1>i(«-..nrw  on  the  K-vnlutinti  ..f  llii.  Siirfucr  ..f  Iti.- 
t;i..U-(PhiU<lel|.hU.  \Ki\);  un.1  De  U  Bwhi-V  A  Ci^.logi.nl  Manual  iI'hilH.lfli.liia, 
1X32),  etc 
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t«  Ihc  northward,  while  the  region  to  the  j^outhward  wan  dry  land.  A 
time  came,  however,  when  the  dnniH  «t  various  points  proved  too  frai! 
and  gave  way,  the  pent-up  waters  ruuhing  through  and  tarrying 
devastation  with  them  like  the  waters  from  cloiid-burst«  or  bursting 
reservoirs  of  to-day,  but  on  a  thousandfold  larger  Moale. 

One  l>reach  was  conceived  to  have  been  at  the  northeastern  extremity 
of  I^ake  Ontario,  The  Thousand  Isles,  to  Mitt^hill's  mind,  "  In'ar  wit- 
ness to  the  uiighty  rush  of  waters  whioh  thus  prostrated  the  opposing 


V^^fefS 

i 

Mm 

^ 

^\^j^. 

|t^^^!r^-!^a^^^ 

aL^sT 

\ 

\ 

^m^^ 

fS 

o  lllaKlnU'  MllchlU's  theory  of  banien 


mound  and  left  them  as  si-attered  monuments'  of  the  ruin."  "By  this 
operation  the  water  must  have  subsided  about  IW  feet,''  or  to  its 
present  level. 

All  the  country  on  botli  tlie  Canadian  anii  Fredonian  uidea  must  have  been  draineil 
Hiiil  left  bare  *  •  •  (>xpui-iii^  to  view  (lie  waterutirn  pebbles,  the  Horksof  marinu 
aniiiiali',  llieir  t*oUd  parta  Imrieil  in  ttie  noil,  their  relickH  l^edded  in  the  rocku,  and  the 
whole  exhihition  of  orj^nlt;  remains  formed  in  the  but  loin  of  surh  a  neu  »s  that  wan. 

(ireat  iiiaaseti  of  |>riinilive  roi-kB  from  the  deuiotinhed  mound  or  daiti  and  vast 

iiuaiitilifs"  of  eand,  mud,  and  ((tavfl  were  (■arrte<l  down  tin-   ulreHm   to  fonn   the 

-e  of  pnmitive  with  alluvial  inaterialH  iu  regiuiiH  Ix'low. 
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A  second  breai^h  was  conceived  to  have  been  at  the  northern 
extremity  of  Lake  (leorge,  wherel)y  the  lake  was  diminished  to  about 
its  present  size.  A  third  was  at  Hadley  Falls;  a  fourth  at  the  upper 
falls  of  the  Mohawk;  a  tifth  was  made  by  the  pent-up  waters  of  the 
Delaware  above  Easton,  Pennsylvania;  a  sixth  by  the  Lehigh  to  the 
northwest  of  Bethlehem;  a  seventh  by  the  Schuylkill;  an  eighth  by  the 
Sus(|uehanna,  and  a  ninth  by  the  Potomac  cutting  its  way  through  the 
Blue  Ridge  at  Harpers  Ferr3\  A  second  series  of  lakes  and  dams  he 
conceived  as  having  existed  outside,  i.  e.,  to  the  southward  of  those 
al)ove  mentioned.  To  the  bursting  of  these  he  attributed  many  of  the 
minor  features  of  the  present  landscape. 

The  work  contains  little  in  the  way  of  systematic  geology  aside 
from  the  speculations  above  mentioned,  though  there  are  disconnected 
references  to  and  descriptions  of  fossil  remains  and  rocks  found  in 
various  parts  of  the  country.  He,  however,  called  attention  to  the 
possibility  of  the  Great  Lakes  having  formerly  drained  into  the  Mis- 
sissippi, the  gradual  retreat  of  the  falls  of  Niagara,  and  the  formation 
of  the  gorge  through  the  undermining  of  the  harder  surface  limestone, 
facts  which  seem  to  have  been  very  early  recognized. 

This  same  3  ear  witnessed  the  first  appearance  in  geological  science 
of  Edward  Hitchcock,  then  a  young  theological  student  of  twenty -five, 
but  who  was  destined  to  be  one  of  the  most  prominent  figures  of  his 

time.    Hitchcock  came  first  into  notice  in  1815  through 

Edward  Hltchoock't  .  '^ 

First  OcoiMricai         somc  astronomical  observations  and  corrections  fur- 

nisbed  Blunt's  Nautical  Almanac.  His  inclination, 
however,  early  took  a  geological  turn,  and  throughout  a  prolonged 
|)eriod  of  activity,  first  as  a  clergyman  and  later  as  professor,  presi- 
dent, and  again  professor  in  Amherst  College,  he  kept  himself  ever 
pn>minently  to  the  front. 

The  first  State  geologic*al  survey  carried  to  completion,  that  of 
MaHsai'husetts,  1880-1838,  was  primarily  his  conception  and  executed 
almost  wholly  through  his  efforts.  He  became,  however,  most  widel}' 
known  and  is  best  rememl)ered  through  his  work  on  th«»  footprints 
found  in  the  Triassic  sandstones  of  the  Connecticut  Vallev  and  his 
studies  of  the  drift  phenomena,  in  lK)th  of  which  he  was  a  pioneer. 
Indeed,  if  one  may  be  allowed  to  s|)eak  facetiously  of  so  cultured  and 
dignified  a  gentleman,  he  was  America's  first  **supt»rficial  geologist," 
and  a  perusal  of  his  |)aiM»rs  alone  will  give  a  very  fair  idea  of  the 
development  of  the  glacial  hypothesis  in  America. 

The  paper  to  which  allusion  is  made  above,  Some  Remarks  on  the 
Gt*ology  and  Mineinilogy  of  a  Section  of  Massachusetts  on  the  Con- 
necticut River,  with  a  Part  of  New  Hampshire  and  Vermont,  was 
published  in  the  first  volume,  isis,  of  the  American  Journal  of 
Science.  It  is  noteworthy  on  account  of  a  geological  map  of  thj3 
region^  colored  by  Irnnd,  and  a  transverse  section  of  the  rock  strata 


^ 
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from  Iloosac  Mountain  to  11  miles  0H^4t  of  tho  (/onnecticut  River. 
The  rocks  were  classed  as  primitive,  secondary,  and  alluvial,  the  older 
crvstallines  and  the  ar^illitt\s  l)eing  considered  as  primitive,  while  the 
traps  and  sandstones  were  put  down  as  secondary. 

The  ye^r  1818  was  i*e.ndered  notable  also  b}^  the  appeamnce  in  the 
geological  arena  of  Amos  Eiaton,  a  man  who,  like  Hitchcock,  was 
destined  to  achieve  a  national  reputation,  but  whose  mental  character- 
istics  were   as    unlike   Hitchcock's  as   was    possible 
Eatoii't  Index,  1818.  among  men  in  the  same  calling.     His  first  geological 

paper  oix'upied  three  pages  of  the  American  Journal 
of  Science  for  the  year  under  discussion.  His  first  noteworthy  publi- 
cation was  the  Index  to  the  Geology  of  the  Northern  States,  which 
appeared  in  the  form  of  a  text-book  for  the  geological  classes  at  Wil- 
liams College  that  same  year.  Eaton  is  described  as  a  man  of  great 
force,  untiring  energy,  and  was  one  of  the  most  interesting  men  of  his 
day.  In  1814),  at  the  age  of  forty,  he  abandoned  the  practice  of  law  and 
went  to  New  Haven  to  attend  Silliman's  lectures  on  mineralogy  and 
geology.  Subsequently  he  traveled  many  thousand  miles  on  foot, 
throughout  New  England  and  New  York,  delivering  in  the  principal 
towns  short  courses  of  lectures  on  natural  histor}'.  In  March,  1817, 
having  received  an  invitation  to  aid  in  the  introduction  of  the  natural 
sciences  in  Williams  College,  his  alma  mater,  he  delivered  a  course  of 
lectures  in  Williamstown.  Such  was  the  zeal  at  this  institution,  he 
wrote,  that  '^an  uncontrollable  enthusiasm  for  natural  history  took 
lx)ssession  of  every  mind,  and  other  departments  of  learning  were  for 
a  time  crowded  out  of  the  college.''  In  April,  1818,  on  invitation  of 
(lovornor  De  Witt  Clinton,  he  delivered  in  Albany,  before  the  mem- 
bers of  the  State  legislatui-e,  a  course  of  lectures  on  natural  history. 
Here  was  undoubtedly  the  beginning  of  the  work  which  resulted  in 
the  establishment  of  the  State  survey. 

In  the  '* Index"  mentioned  alK)ve  (which  has  been  pronounced  ''the 
first  attempt  at  an  ari-angement  of  the  geological  stratii  of  North 
America'')  the  views  expressed  were  naturally  largely  tinged  with 
Wernerism.  They  are  reviewed  in  detail  here,  even  when  almost 
exact  cijuivalents,  on  account  of  their  local  application. 

Eaton  divided  the  rocks  of  th(»  earth's  crust  into  five  classes:  First, 
Primitive;  second,  Tmnsition;  third,  Secondar};  fourth,  Superin- 
cuml)ent;  and,  fifth,  Alluvial;  the  iKKly  of  the  work,  occupying  pages 
15  to  41,  inclusive,  being  given  up  to  their  description  and  geograph- 
ical distribution. 

Tnder  the  head  of  Primitive  rocks  he  included  granite,  granular 
limestone  and  (juartz,  gneiss,  mica-slate,  soapstone  rocks,  calcareous 
and  granular  cjuartz,  and  syeryte.  These  were  rogardcHl  a.s  barren  of 
fossil  remains  and  the  oldest  rocks  to  which  human  research  had 
extended. 
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Thi;  Tmn.sitioii  cUsn  iiidiidt^d  metHlliforoiis  IhiiiisUtiio.  )ii'f;illu<-e<>UH 
liiid  ^(ilict'uiLt  Ante,  ^rraywackc  sUU^,  und  i-u))l>ltt»tone. 

The  Secondary  class  ini'liided  red  nandstoiie,  bre«cia,  <;oiti]HK-t  Hiiio- 
MU)tu>,  gy{>miiii,  and  rockruilt; 
tht>  Suporincumbent  clasH,  )m- 
salt.  gr*>eiiHtone,  trap,  and 
aitiyt^aloid,  and  the  Alluvial 
c-liiris,  gravel,  sand,  clay,  and 
loam. 

Illuistrative  of  his  ideaH 
coiK-erniiig  the  position  of 
thf(*c  rot-krt,  a  geological 
transverse  section  was  given, 
extending  from  ItoHton  on  the 
east  to  the  Catskill  Moun- 
tainM  on  the  west.  From  a 
l>«'ruHaI  of  this  section  and 
the  acconii»nying  text  many 
interesting  and,  to  us,  strik- 
ing conclusions  are  drawn. 
For  instance,  in  diacussing 
the  po^^itiun  of  the  gneiss  of 
the  Primitive  series  as  it  oc- 
curs l>etween  Daltoii  and 
Piltstield.  Vermont,  he  wrote: 
"  It  sinks  laterally  under  the 
inii-a-slale  to  the  west,  and 
proltalily  does  not  rise  again 
until  it  i-oaches  the  continent 
of  Asia."  Thesoapstonesand 
serpentines,  now  known  to  be 
altt-red  eruptive  rock,  were 
n-garded  by  him  as  forming 
line  of  the  concentric  coats  of 
ineebanically  de|><)sit(Hl  itmte- 
rials,  and,  as  with  syenite  and 
granite,  their  possible  erup- 
tive origin  not  dreamed  of. 

In  his  Transition  class  be 
woul<l  include  the  marbles  of 
western  Vennont.  now  eon- 
Kidereil  to  l»eof  I^ower  Silur- 
ian and  ('Hmbrian  age.  and 
the  rooting  slates. 

In  the  Seirondary  class  he 
iiicludtsl  the  red  sandstones  of  the  Catskills  (Devonian),  as  well  as 
Ib'iw  of  the  Connecticut  Hiver  (Triassic),  Discussing  the  )>osition 
of  the  C'atskill  stone,   be  wrote:  "  Itakewell   nMUoved  this   stratum 
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from  the  Socondarv  cilass  (where  Werner  placed  it)  to  the  Transition. 
He  8ays  this  Htnituni  ternnnates  the  series  of  transition  rocks  con- 
taining metallic  veins  and  the  more  ancient  organic  relics.  Had 
Bakewell  ever  visited  Catskill  Mountain  he  would  undoubtedly  have 
left  the  red  sandstone  where  Werner  placed  it;  for  here  the  true  old 
red  sandstone  of  Werner  contains  the  organized  remains  of  at  least 
one  well-known  phenogamous  woody  plant.""  He  also  stated  that 
this  sjindstone  contained  the  petrified  remains  of  the  roots  of  the 
Kalinin  JattfoUa^  or  common  laurel!  The  g\psum  and  rocksalt  beds 
of  New  York  and  Pennsylvania,  now  regarded  as  of  Salina  age,  he 
included  in  this  Secondary  class,  and  also  the  common  compact  lime- 
stone occurring  in  the  western  part  of  New  Yprk  State,  but  not  found 
east  of  the  Hudson  River. 

In  the  Superincumbent  class  were  included,  as  already  stated,  green- 
stone trap,  amygdaloid,  and  basalt,  which  he  regarded  as  varieties  of 
one  and  the  same  rock.  This  assumption  on  his  part  is  interesting  in 
connection  with  the  discussion  of  the  last  twenty  years  (since  the 
introduction  of  the  microscope  into  geology)  regarding  the  now  well- 
established  relationship  existing  between  basalt,  melaphyr,  and  dia- 
base. While  these  rocks  were  considered  bv  him  as  volcanic,  their 
exact  source  seemed  problematic.  ''  On  the  Deertield  River  the  green- 
stone sinks  down  in  a  fissure  in  the  red  sandstone.  ♦  *  *  Bakewell 
would  say  here  were  volcanoes  and  here  the  melted  greenstone  was 
thrown  up  through  the  sandstone." 

In  discussing  his  Alluvial  class,  he  wrote: 

It  Ih  agree<l  by  all  geologinb*  that  all  noils,  excepting  what  proceeiis  from  decom- 
poHed  animal  an<l  vegetable  matter,  are  composed  of  the  broken  fragmentij  of  ditfin- 
tegrattMl  rocks.  From  this  fact  it  is  natural  to  infer  that  the  soil  of  any  district 
might  Ih?  known  by  the  roirks  out  of  which  it  is  formed;  conse<iuently,  that  rocks 
al>oun(ling  in  quartz  would  produce  a  sandy  soil  and  those  abounding  in  argillaceous 
slate  a  clay  soil,  etc.  *  ♦  *  This  inference  is  certaiidy  correct,  but  there  is  great 
difficulty  in  determining  what  rocks  may  have  extended  over  any  particular  district 
and  l)een  entirely  dissolve<i  in  former  ages.  Is  there  not  good  reason  to  believe  that 
most  of  the  stratii  now  constituting  C'alskill  Mountain  *  *  *  once  extended  over 
Massachusetts  to  the  Atlantic  Ocean? 

That  these  strata  once  extended  as  far  as  Massachusetts  and  united 
to  the  same  strata  at  Pittsfield  and  Stockbridge  he  regarded  as  beyond 
question,  and  he  concluded  that  a  mass  of  rock  from  1,(KX)  to  3,000 
feet  in  thickness,  from  20  to  30  miles  in  breadth,  and  perhaps  80  miles 
in  length,  had  In^en  dissolved  and  mostly  washed  down  the  Hudson 
River.  Fragments  of  every  stmtum  he  thought  were  still  to  be  found 
in  small  masses  throughout  the  towns  in  the  vicinity.     The  possibility 


"Concerninij  this  Hall  remarks  {(Jeology  of  Fourth  District,  p.  6):  **  It  is  a 
remarkable  fact  that  at  this  early  jjeriiKl  Mr.  Eaton  shouM  have  recognized  the  sand- 
stone of  the  Catskill  Moimtains  as  the  Old  He<l  of  Kurope,  which,  now  that  we  have 
identitied  it«  characteristic  fossils,  is  j)rove<l  to  be  true." 
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of  glacial  drift  was  of  course  at  that  time  wholl}'  unrealized,  and  he 

ai'<H)unted  for  the  masses  of  gmnite  and  syenite,  weighing  from  1  to 

50  tons,. which  are  scattered  throughout  the  Connecticut  River  region, 

as  residuary  fragments  from  atmospheric  decomposition. 

What  force  can  have  brought  these  masses  from  the  western  hills  across  a  deep 
valley  700  feet  lower  than  their  present  situation?  Are  we  not  compelled  to  say  that 
this  valley  was  once  filled  up  so  as  to  make  a  gradual  descent  from  the  Chesterfield 
range  of  granite,  sienite,  etc.,  to  the  top  of  Mount  Tom?  Then  it  would  be  easy  to 
conceive  of  their  being  rolled  down  to  the  top  of  the  greenstone,  where  we  now  find 
them. 

In  this  3'ear  Eaton  published  also  his  Conjectures  Respecting  the 
Fonuation  of  the  Earth.  In  this,  largely  following  Werner,  he 
taught  that  the  water  now  covering  three-fourths  of  the  earth's  exterior 
was  at  one  time  thoroughly  commingled  with  the  solid  materials  con- 
stituting the  globe  in  such  a  manner  as  to  form  a  very  thick  paste. 
Such  being  the  primary  condition,  the  heaviest  materials  contained  in 
this  globular  mass  of  mortar  would  soon  begin  slowly  to  settle  together, 
the  heaviest  naturally  at  the  center.  Further,  that  such  settling  took 
place  in  inverse  order  of  the  specific  gravities  of  particles,  forming 
thus  several  concentric  layers  of  metals,  arranged  like  the  coats  of  an 
onion.  This  settling  went  on  until  finally  gmnite  was  depo.sited,  several 
thousand  years  being  regarded  as  necessary  for  the  completion  of  all 
the  strata.  Previous  to  the  dejwsition  of  granite,  gneiss,  mica-slate, 
and  other  primitive  ro<*ks,  neither  animals  nor  vegetables  were  con- 
ceive<i  to  exist,  for  no  traces  of  them  have  been  discovered  in  the  rocks 
of  these  types. 

As  condensation  went  on,  the  water  being  disengaged  from  the  inner 
deposits  and  fon^ed  gradually  toward  the  exterior  of  the  mass,  the 
earth  paste  l>ecame  more  diluted,  and  a  few  zoophA'tes,  shell  animals, 
and  cryptogamous  plants  were  created,  as  was  shown  by  the  finding 
of  their  remains  in  the  transition  roi'ks  overlying  the  primitive. 

The  continued  dilution  of  the  water  by  the  deposition  of  the  mate- 
rials of  the  transition  series  was  followed  bv  the  creation  of  several 
>|iecies  of  fish,  and  as  the  solution  was  thinner  the  deposits  of  the 
siH-tmdary  rocks  went  on  with  considerable  rapidit3\  During  this 
time  the  red  sandstone,  com|>act  linjestx>ne,  and  indurated  marl  were 
deposited,  entombing  incidentally  individuals  of  the  various  plants 
and  animals  enumerated. 

VVhilt?  thh*  fie(*«>ndHry  ftirmation  wa«t  going  on  tht^  internal  lu'at  of  xUv  i>arth  inline- 

•  liatc'ly  lieneath  the  granite,  by  «H)nvertinvr  tlic  water  whirh  n*iiiain«'<l  in  tlie  nnbt^'r- 
rani*an  inten»ticei!  into  {<teani,  began  to  rai>»e  up  the  nn-knof  granite.     Tin*  ex{>anHion 

•  •f  thi^f>t4^ni  fonnd  n-liff  by  forcing  it«  way  \vhen'V«T  the  l^^uj^t  resiHtanrc  was  pn*- 
•4'nt«Hl,  and  aK!<trata«*an  l>«*.Me{>arat4Hl  from  (luh  oth<*r  ca^'irr  tlian  th<>y  ran  Ix*  hntkcn 
thn»U);h,  tin*  Ktt'ani  pntlmhly  travt'hil  latiTally  round  the  rarth,  H'paniting  tlu*  v;niii- 
it«*  fnMii  the  nt'xt  Ktratnni  lielow.  At  h*ngth  th<*  fon*e  of  th«'  mo***  highly  rart'fi«*«i 
-tr^ni  Utunie  t4M»  gn^it  to  Ih*  any  long«*r  confiiKii  within  th<*  coat  of  gmnite.  It 
tMin*t  thn»ugh  at  the  weakest  |iart  and  nliot  forth  itu  craggy  broken  eilgfs  aUjve  the 
niiKldv  watera  whit-h  mimmnde*!  it. 
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Concerninj^  the  source  of  this  heat,  '^whether  it  arose  from  the 
admixture  and  combustion  of  substances  then  abounding  beneath  the 
gmnite,"  or  whether  ''^it  was  excited  by  the  concentric  layers  of 
metallic  plates  serving  as  a  vast  galvanic  battery^"  Eaton  was  non- 
committal. 

The  projet'ting  edges  of  granite,  togetlier  with  tlie  uplifteil  Ktrata  of  transition  and 
secondary  rocks,  formed  the  first  islands  and  continents  of  dry  land.  Alluvial 
dejwsits  had  already  conimencefl  under  wat«r,  apd  therefore  parts  of  the  raised 
islands  and  continents  were  prepared  for  the  reception  and  support  of  plants  and 
animals  of  the  more  perfectly  organized  structure. 

These,  however,  were  not  the  continents  of  the  present  day,  which 
were  conceived  then  to  be  at  the  bottom  of  the  primeval  ocean,  but 
were  rather  the  continents  occupied  by  antediluvians,  and  which  are 
now  in  their  turn  probably  at  the  bottom  of  the  Indian  Ocean.  This 
land,  ho  argued- 

may  have  l>een  Hupix)rted  by  the  meeting  place  of  two  vaat  segments  of  uplifted 
granitic  which  contained  beneath  them  an  immense  subterranean  sea.  Our  pree- 
ent  continent  may  now  Ik*  supjmrted  in  the  same  way  and  the  meeting  of  the  e<lge» 
of  Hcjrnicnts  form  the  granitic  ridge  which  extends  from  Georgia  to  the  Frigid  Zone- 
that  is  to  say,  that  wliich  forms  the  Appalachian  Mountain  system. 

In  whatever  manner  the  ancient  world  was  8upiH)rted,  it  is  evident  that  when  the 
wickedness  of  man  drew  down  the  vengeance  of  the  Almighty,  its  foundations  gave 
way  and  it  sank  to  the  bottom  of  the  ocean  never  to  1h'  again  uplifted. 

Incidental  to  this  catastrophe,  he  conceived  there  may  have  been 
foruKHl  a  '•  vacuum  wherein  nmch  water  might  subside;'"  or  possibly 
several  continents  falling  in  contemporaneously,  basins  were  formed— 

sutticient  to  hold  all  the  waters  wliich  had  hitherto  covereti  the  ctmtinents  of  our 
day;  or,  iK*rhaps,  the  pressure  at  the  out4*r  margins  of  the  falling  continents  might 
force  up  the  granite,  which  raised  our  continent's  out  of  the  ocean.  *  *  *  At  any 
rat<',  the  fountains  of  the  great  <Uh»p  were  broken  up,  and  our  continents,  then  at  the 
bottom  of  the  great  deep,  (Miierged  into  ojkmi  day.  While  this  tremendous  crash  of 
luiture  was  going  on,  scales  of  various  thicknesses  from  the  various  strata  were  shot 
up,  deta<*he<l  and  brokeii,  which  gave  formation  to  our  surrounding  hills,  the  ragged 
cliffs  of  the  Catskill  aii<l  the  bleak  brow  of  the  Andes.  Some  were  forme<l  at  the 
bott<»m  of  the  sea  by  volcani<'  tin's;  others  have  arisen  from  various  irauaee  since  the 
great  deep  n»tired. 

This  ordiM*  of  creation  he  conceived  to  bedirertlv  in  accord  with  the 
account  of  Moses  and  the  sinking  of  the  ancient  continent  contempora- 
neous with  the  Noachiun  (hdugr. 

When  the  fountains  of  the  great  dt»ep  were  broken  up  and  the  bottoms  of  those 
fountains  iH'canic  dry  lan<l.  th<*  ancient  world  U'caine  itself  the  lH)ttom  of  the  great 
deep  in  its  turn. 

During  this  period  all  surviving  animal  V\U\  lK)th  human  and  other- 
wis(»,  was  coru<'iv<'(l  as  confined  within  tlu*  limits  of  Noah's  ark,  about 
one  year  elapsing  from  tln^  time  the  sinking  t<M)k  place  and  the  ark  was 
floatcMJ  befoH'  th(»  new  earth  was  sufliciently  drv  for  the  occupants  to 
disembark. 
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These  conjectures,  it  will  be  obsei'ved,  are  not  quite  those  of  Werner, 
since  the  original  paste  constituting  the  globe  must,  according  to  Eaton, 
have  l)een  rather  a  mechanical  admixture  than  a  chemical  solution. 
While  the  early  stages  of  precipitation,  whereby  the  heaviest  mate- 
rials were  dej)osited  in  the  form  of  concentric  la^^ers  of  metals,  might 
be  suggestive  of  a  condition  of  solution  or  aqueo- igneous  fusion,  the 
subse<juent  deposition  of  the  secondary  rocks,  which  are  so  plainl}' 
f  ragmental,  leaves  us  to  conclude  that  he  regarded  the  primary  condi- 
tion as  that  of  a  mechanic^al  mixture  or  emulsion. 

P^ton  in  his  index  deviated  somewhat  from  Werners  classification 
also  in  that  he  placed  the  argillaceous  slates  in  the  transition  mther 
than  in  the  primitive  class.^ 

The  year  1819  was  signalized  by  the  organization,  in  the  philosoph- 
ical room  of  Yale  College,  of  the  American  Geological  Society,  the 
first  American  society  devoted  mainl}'  to  geological  and  allied  subjects. 

Though  this  continued  in  existence  only  until  the  end 
AMicuOraiocicai  ^f  1828,  it  was  productive  of  much  good  in  stimulating 

workers  throughout  the  country.  Maclure  was  elec^ted 
president,  with  Colonel  (iibbs,  Professor  Silliman,  Professor  Cleave- 
land,  Stephen  Elliott,  R.  (iilmor,  S.  Brown,  and  Robert  Hare,  vice- 
presidents.  Among  the  more  prominent  members  were  Akerly, 
Bruce,  Cornelius,  S.  L.  and  J.  F.  Dana,  Dewey,  Eaton,  Godon, 
Hitchcock,  Mitchill,  Rafinesque,  Schoolcraft,  and  Steinhauer,  while 
the  names  of  Emmons,  Harlan,  Lea,  Morton,  Troost,  and  Vanuxem 
ap|)ear  among  the  younger  and  then  less  prominent  workers. 

The  society  publishe<l  nothing  and  has  left  little  that  is  tangible  to 
lell  of  its  existence,  though  I<^ton,  in  the  second  edition  of  his  Index 
to  the  Geology  of  the  Northern  States,  makes  the  following  interesting 
comment  concerning  its  personnel: 

T\w  president  of  tht*  Atnerican  (teological  Boi-iety,  William  M'Clure,  ewj.,  has 
alrea<ly  struck  out  the  grand  outline  of  North  American  geographical  geology.  The 
Hrnt  vife-premdent,  Col.  (J.  (tiblie,  htm  collet-ted  more  facte  and  amassed  more  geolog- 
ical and  mineralogical  specimens  than  any  other  individual  of  the  age.  The  second 
vi<'e-pre*d<lent.  Professor  Silliman,  his  horned  ajid  indefatigable  colleague  in  these 
lalMir^,  givei*  the  true  scientific  dress  to  all  the  naked  mineralogical  subjei'ts,  which 
an*  fumiflhe^l  to  his  hand.  The  thini  vice-president,  Professor  Cleaveland,  is  suc- 
(-essfully  employeti  in  elucidating  and  familiarizing  those  interesting  sciences;  and 
thus  smo<»thing  the  rugge<l  paths  of  the  student  Professor  Mitchill  has  amasseil  a 
large  store  of  materials,  ajid  annexeil  them  to  the  lalK)n*  of  Cuvicr  and  Jameson. 
But  the  dnidger>'  oi  climbing  cliffs  an<l  dest'ending  into  fissures  and  cavcnis  and  of 
traversing  in  all  diriH'tions  our  most  ruggt»<l  mountainous  districts  to  as4'ertain  the 
distinctive  characters,  numlier,  ami  onlerof  our  strata  has  devolvtMl  on  me.  I  make 
no  pretensi<ms  to  any  peculiar  qualifications  other  than  that  iMxlily  health  and  con- 
stitutional titnef<s  for  lalior  and  fatigue  which  such  an  employment  n><|uin*s. 

"Silliman  in  his  n*view  of  the  work  (American  Journal  of  S<*iemv,  I,  ISIU,  p. 
70)  calletl  att4*ntion  Ut  the  fact  that  the  clay  slate  may  U'long  either  to  priniitiv«\ 
transition,  or  Mecomlar^*  fonnations.  lie  also  questioned  if  the  \\\ft  SttH'k bridge 
marble  should  not  be  reganled  aa  primitive  rather  tlian  metalliferous. 
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During  the  yearH  181S  and  1819  Henry  R.  iSclioolrraft  made  li  trip 
throughout  what  in  now  known  us  the  lead  region  of  the  Missitwippi 
Valley,  and  in  Novem)>er  of  the  la^t-named  year  published,  in  tiie 
form  of  an  octavo  vohime  of  nomc  300  patrea,  a  book 
^iiDrmtiinu,  entitled   A   View   of    the   Lead   Mines   of   MiiMouri; 

Including  Some  Observations  on  the  Mineralogy. 
Cteol<^y,  Geography,  Antiquities,  Soil,  Climate,  Population,  and  Pro- 
ductions of  Missouri  and  Arkansas  and  Other  Sections  of  the  Western 
Country.  The  work  contained  little  of  geological  importance,  the 
purport  of  the  trip  Ix'iug  mainly  to  study  the  lead  deposits  of  the 
region.  He  described  the  whole  mineral  country  as  "ix)ttomed"  on 
primitive  limestone,  though  he  found  <|uavtz  rock  and  later  sand  rock 
very  common  in  the  southern  section  of  the  Arkansas*  comitry.  Sec- 
ondary limestone  was  also  met  with,  but  was  far  less  common  than  in 
Ohio,  Indiana,  Connecticut,  and  Illinois, 
the  ore  itself  Iwlng  found  in  the  decompo- 
sition pi-oducts  from  the  primitive  lime- 
stone. He  mentioned  the  occurrence  of 
granite  in  Washington  and  Madistm  coun- 
ties, also  greenstone  porphyry  and  iron 
ore,  and  cor/ectly  describc«i  the  granite  as 
being  the  only  muss  of  its  kind  known  to 
exist  Iwtwecn  the  primitive  ranges  of  tiie 
Allegheny  and  Kocky  mountains,  being  sur- 
ixumded  ini  all  sides  and  to  an  almost 
immeasuntblc  extent  with  secondary  time- 
stone,  1  le  gave  also  a  descriptive  eatalt^ue 
of  the  minerals  found  in  the  State.  Among 
them  mention  was  mmie  of  the  flint  from 
Girardeau  County;  sevt^ral  varieties  of  <iuurtz.  including  the  Arkansait 
novaeulite;  a  R'd  pipestone  from  the  Falls  of  St.  Anthony,  which  is 
evidently  the  catlinit*^  of  more  recent  writers,  l»ut  which  he  called  stea- 
tite; and  other  niinonds,  including  liaryte,  fluorit*'.  blende,  antimony, 
native  copper,  etc.  He  described  bricHy  tiie  micaceous  iron  ore  of 
Iron  Mountain,  the  coal  found  near  rittslmrj;,  Pennsylvania,  and  other 
ininerajs  which  need  not  be  mentioned  in  detail. 

Schoolcraft  Wii>  one  of  tho-e  ntl-ninrid  natunilists  and  investigators 
such  as  could  exist  only  in  the  early  days  cif  .-,icnie.  when  it  was  pos- 
-•iible  for  one  mind  lo  cmlinice  or  iticbidc  all  knowledgi-,  keep  track  of 
its  development,  and  at  the  sani<-  linu'  aid  in  its  advanc^'ment.  A  man 
apparently  of  inon"  than  ordirniry  vigor,  daring.  iin<t  perseverence,  he 
early  iMTame  interested  in  the  work  of  cxjiIorHlion.  his  lield  l)eing. 
however,  lirnil.-d  niiiinly  tn  ihc  .Mississippi  \iillcy  and  the  region  of 
lhe<ireut  l^iki's.  His  geological  work  was  purely  of  the  rtH^>niiais- 
sance  tyi^H',  but  was  of  the  greatest  value  in  the  I  hen  existing  condi- 
tion of  knowledge  regarding  tlie  regions  visited,  the  lead  regions  of  the 


Pro.  8.— Henry  Rowc  Schoolcrofl. 
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TklisHissippi  Valley  and  the  copper  re^ioDH  of  Lake  Superior  both  prof- 
iting by  his  labora. 

Being  brought  in   irontact  with   the   aborigines  and  realizing  the 
rapidity  with  whii-h  they  were  becoming  contaminated  through  con- 


j.'-  \4ljl  ih 


L  li^^    .      .       -4-- 


ta<-t  with  the  whites,  he  wa-s  drawn  into  a  study  of  the  Indian  tribes 
of  North  America,  to  which  work,  after  1S22,  he  gavn  up  ii  liirgc  |Mir- 
tiun  of  hit!  time.     The  main   work   of  hiu  life  lieu,  therefore,  quite 
outtiide  the  limits  of  the  preitent  paper. 
KA»  Mm  1904 10 
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Ill  1820  Sfh<x>lcmft,  actiii;j  under  (iiicctioii  of  Governor  Lewis  Caws, 
of  Michigan,  who  was  hiiusi'lf  uctin^r  nndor  authority  of  the  then  Sec- 
retary of  War,  made  a  trip  along  the  (Ireat  Lakes  and  to  the  sources 


of  the  .\lisxi.-i-.i])p[ii.  tin-  results  of  which,  with  gfucnil  noteii  on  the 
natural  history  of  the  region,  wcit.^  [luhlishod  tho  year  followiDg. 
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In  1821  hen-a^a  member  of  a  second  expedition  authorized  b}'  the 
General  Government  to  explore  the  central  portionu  of  the  MiusiitHippi 
Valley,  the  results  of  which  were  publii^hed  in  1825.  In  182^  he  &\m> 
reported  to  the  General  Government  on  the  extent  and  value  of  the 
mineral  land:)  on  LAke  Superior,  and  again  in  1832  "resumed  and 
completed''  hi»  explorations  of  the  sourceis  of  the  Mississippi,  hi» 
results  appearing  in  book  form  in  1855. 

The  expedition  of  1820  (See  map.  ti(j,  7)  started  at  Detroit  and  maae 
its  way  northward  along  the  western  shores  of  lakes  St.  Clair  and 
Huron  to  the  Straits  of  Michilimatkinac,  thence  northward  through 
St.  Marys  River  and  along  the  south  .shore  of  Lake  Superior  to  Fond 
du  Ijao.  up  the  St.  Louis  River,  and  down  the  Savannah  to  Sandy 
Lake  and  lakes  Winnipeg  and  Cassina  farther  north.  The  return  trip 
wa.s  made  down  the  ^liii^Lssippi  to  the  lead  region  near  Oulmque,  Iowa, 
and  thence  northeasterly  up  the  Wisconsin  River  to  Green  Iky.  where 


the  party  divided,  a  portion  going  to  Michilimat^'kinat'  (no'v  Maokinac), 
along  the  northern  and  eastern  shores,  and  the  rest  keeping  to  the 
south,  to  Chi<^^^o,  and  eastward  and  north  till  the  starting  point  was 
refu-hed  once  more,  one  section  of  the  party,  with  < Jovornor  Cass,  leav- 
ing the  lake  near  the  southeastern  end  (at  the  mouth  of  the  River  du 
Sehmein)  and  going  overland  to  Detroit. 

The  narrative  of  the  expedition  of  1820  abounds  with  mineraiogical 
and  geological  notes,  which  are  in  large  part,  however,  of  »  .Mipposi'd 
economic  nature.  The  occurrence  of  gypsum  at  St.  Martins  Island 
was  noted,  the  island  of  Michilimackinac  itself  lieing  of  ''tran.sition 
and  compact"  limestone.  \  colored  so<'tion  was  given  showing  the 
relative  position  of  granite-  and  overlying  .-oindstone  lietwcen  l*n>s<|ue 
Isle  and  Garlic  Kiver  (tig.  !»).  The  sandstone  he  des^'rilM'd  iit  overlap- 
ping the  granite  and  titling  into  its  irregularities  In  u  manner  that 
"■sh4>ws  it  to  have  nxsumed  that  ixxsiiioii  snl>se<|uently  to  the  upheav- 
ing uf  the  granite."     The  age  of  this  sand  nx-k  lie  was  unable  to  satis- 
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factorily  deterinine,  though  its  position  seemed  to  him  to  indicate  a 
near  alliance  to  the  '^  Old  red  sandstone."^ 

He  described  the  finding  of  the  large  block  of  native  copper  (now  in 
the  U.  S.  National  Museum  in  Washington),  upon  the  edge  of  the 
Ontonagon  River,  giving  a  picture  and  offering  some  remarks  on  the 
probable  origin  of  the  same.  In  his  report  to  Secretary  J.  C.  Cal- 
houn, under  this  same  date,  made  with  reference  to  the  copper  mines 
of  Lake  Superior,  Schoolcraft  dwelt  in  some  detail  upon  the  occur- 
rence of  f recjuent  masses  of  drift  copper,  but  stated  that  no  body  of 
the  metal  sufficiently  extensive  to  mine  profitably  had  been  discovered. 
He,  however,  regarded  it  as  probable  that  a  more  intimate  knowledge 
of  the  resources  of  the  country  might  result  in  the  discovery  of  valu- 
able ores  of  copper,  in  the  working  of  wHich  "occasional  masses  and 
veins  of  the  native  metal  may  materially  enhance  the  advantage  of 
mining."  This  prediction,  it  is  scarcely  necessary  to  say,  has  been 
abundantly  verified. 

Writing  on  the  prevailing  theories  as  to  the  origin  and  distribution 
of  metals  and  gems,  he  remarked,  ''There  is  no  reason  that  can  be 
drawn  from  philosophical  investigations  to  prove  that  these  substances 
may  not  be  abundantly  found  in  the  climates  of  the  north,  even  upon 
the  banks  of  the  frozen  ocean,"  their  distribution  being  apparently 
wholly  independent  of  climatic  conditions. 

The  Dubuque  lead  ore  he  described  as  occurring  in  detached  masses 
in  the  ocherous  alluvial  soil  resting  upon  a  calcareous  rock  referable 
to  the  Transition  class  (in  the  revision  of  his  work,  published  in  1832, 
he  made  this  (carboniferous),  and  also  in  veins  penetrating  the  rock. 
The  relationship  existing  between  the  rock  and  the  residual  clay  did 
not  seem,  however,  to  have  been  recognized.* 

The  presence  of  extensive  beds  of  coal  about  40  miles  southwest  of 
Chicago,  on  the  Fox  River,  was  noted.  The  fact  that  bricks,  made 
from  clay  occurring  near  Chicago,  turned  white  was  also  noted,  and 
explained  on  the  ground  that  they  wen»  lacking  in  iron  oxides.* 

In  his  *- Travels"  Schoolcmft  advanced  the  idea  that  there  had  been 
at  some  former  {)eriod  an  obstruction  in  the  channel  of  the  Mississippi 
River  at  or  near  (Jnind  Tower,  in  southern  Illinois,  whereby  there 
was  produced  a  stagnation  of  the  current  at  an  elevation  of  about  130 

"Tilt*  correct  position  of  this  sandstone  remained  long  a  matter  of  doubt  and  di»- 
[)ute.     It  is  now  considered  as  of  Potsdam  age. 

*  Since  this  mode  of  occurrence  was  referred  to  by  siibHecjuent  explorers,  it  may  be 
well  to  state  hen*  that  the  ort»  was  originally  in  the  limestone,  from  which  it  was 
lil)erattHl  by  decom|>ositi(»n  and  left  t4)  acrcinniilate  in  the  residual  clay,  representing 
the  iuHjliihle  constituents. 

'This  has  since  Invn  shown  to  1h*  an  error.  These  clays  contain  as  much  iron  as 
others  that  may  hurn  hmI.  It  is  probable  that,  in  the  process  of  tiring,  this  iron  com- 
bines to  form  an  iron-lime-magnesian  silicate  atul  is  not  oxidiztnl  to  the  extent  of 
inijmrting  the  connnon  brick-re<l  color. 
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feet  ahov^e  the  present  ordinary  watermark.  This  wa.s  made  sufficiently 
evident  to  him  by  the  general  elevation  and  direction  of  the  hills,  which 
for  several  hundred  miles  al)ove  are  separated  hy  a  valley  from  20  to 
25  miles  wide.  Wherever  these  hills  disclosed  rocky  and  precipitous 
fronts  a  series  of  distinctly-marked  old  water  lines  were  observed. 
The  Grand  Tower  and  the  contiguous  promontories  were  regarded  as 
but  the  dilapidated  remains  of  this  barrier.  On  the  breaking  aVvay  of 
the  obstructions  the  water  gradually  receded  into  existing  channels,  by 
which  the  inland  sea  was  gradually  drained. 

One  of  the  most  curious  features  of  this  paper  lies  in  his  pronounced 
acceptation  of  the  acx;uracy  of  the  various  reports  relative  to  the  find- 
ing of  living  animals  embedded  in  rocks  of  considerable  geological 
antiquity.  He  mentioned  the  finding  at  Carthage,  on  the  Genesee,  of 
twelve  or  fifteen  frogs  embedded  in  a  layer  of  packed  clay  marl  about 
9  feet  below  the  surface,  where  they  had  apparently  been  buried  sin<*e 
the  diluvial  era;  also  the  finding  of  one  in  a  geode  in  the  Niagara  lime- 
stone at  Lockport.  As  bearing  upon  the  same  subject,  he  gave  in  his 
addenda  a  series  of  accounts  of  the  finding  of  various  living  animals 
under  equally  impossible  conditions,  which  he  seems  to  accept  without 
question. 

In  1819-20.  Maj.  Stephen  H.  L(>ng,  under  the  direction  of  John  C. 
Calhoun,  Secretary  of  War,  made  an  expedition  from  Pittsburg  to 
the    Rocky   Mountains.     With    him   were   associated   Thomas   Say, 

entomologist,  and  Edwin  James,  botanist  and  geolo- 
LM^'sEzpcdttioa.    ^^      rpj^^  accounts  of  the  expedition,  compiled  by 

Mr.  James,  contain  numerous  references  to  the  geol- 
ogy of  the  region,  which  are  of  interest,  considering  the  time  at  which 
they  were  made.  The  route  of  the  expedition  lay  from  Pittsburg 
down  the  Ohio  to  its  mouth,  up  the  Mississippi  to  St.  Louis,  and 
northwestward  to  Council  Bluffs;  thence  westward  along  the  Platte 
and  South  Platte  to  a  point  a  little  west  of  the  one  hundred  and  fifth 
meridian  and  north  of  the  thirty-fifth  parallel;  across  to  the  Arkansas, 
which  was  followed  down  to  a  point  a  little  east  of  the  one  hundred 
and  fourth  meridian,  where  the  party  divided,  one  returning  by  the 
Arkansas  and  the  other  by  the  Canadian  River. 

The  reports  on  geology  were,  natunilly,  largely  tinged  with  Werner- 
ism.  It  was  noted  that,  in  the  vicinity  of  the  Rocky  Mountains,  only 
Secondary  rocks oc*curred.  Transition  fonns  }>eing  entin»ly  lacking.  He 
noted,  first,  the  occurrence  of  red  sandstone  resting  innnediately  on  the 
granite,  rather  indistinctly  stratified,  the  strata  sometimes  inclined  and 
Hometimes  horizontal;  second,  argillaceous  or  gray  sandstone  overlying 
the  red  and  conforming  to  it  in  it-s  inclination  and  carrying  sometimes 
nml  and  iron;  thirds  floetz  trap,  including  gre<M)stone  and  amvgdaloid; 
and  fourth,  sand  and  gravel  restingcm  the  sandstones  and  extending  over 
the  Great  Desert,  thb  latter  material  l)eing  recognized  as  a  product  of 
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the  disiiiU'tf  ration  of  the  primitive  rocks  of  the  mountains  and  which  he 
thoiit;ht "  to  have  been  deposited  at  h  very  remote  pei'iod  when  the.  waterti 


of  the  primeval  ocitm  eovered  the  level  of  the  (Iroat  Plain  and  the 
lower  regionu  of  the  granitic  mountains."     The  ineline4l  poHition  of 
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some  of  these  Secondary  rocks  in  the  immediate  vicinity  of  the  moun- 
tains was  not4»d,  hut  some  difficulty  found  in  accounting  for  the  same. 
*'Suhse<|uent  to  the  dej)osition  of  these  horizontidly  stratified  rocks/' 
he  wrote,  '^ their  |)osition  lias  been  somewhat  changed,  either  by  the 
action  of  some  force  beneath  tlie  primitive  rocks,  forcing  them  up  to 
a  greater  elevation  than  they  formerly  possessed,  or  by  the  sinking 
down  of  the  Secondary,  pro<luced  by  the  operation  of  some  cause 
e(jually  unknown."  This  matter  he  again  referred  to,  thinking  it  pos- 
sible, though  j^rcely  probable,  that  the  great  and  abrupt  change  in 
the  inclination  of  the  straUi  in  the  parts  near  the  granite  might  be  due 
to  the  gradual  wearing  awa}'  by  the  agency  of  rivers  of  some  portion 
of  the  sandstone,  and  that  those  rocks  now  found  in  an  inclined  position 
were  detached  portions  of  what  was  formerly  the  upper  part  of  the 
strata  which,  having  l)een  undermined  on  their  eastern  side  and  sup- 
ported bj'  the  granite  on  the  western  side,  had  fallen  into  their  present 
|)osition. 

The  presence  of  coal  beds  in  the  region  of  the  Ozark  Mountains  was 
noted,  and  the  assoi'iated  limestones  were  set  dowji  as  of  Carl>onifer- 
ous  age,  as  was  also  the  limestone  of  the  region  of  the  lead  mines. 

An  important  suggestion  was  made  relative  to  the  possibilitv  of 

obtaining  water  through  bore  holes  sunk  in  the  arid  tract  lying  west 

of  the  Ozark  Mountains.     ""It   is  not  improbable,''  he  wrote,  'Hhat 

^^^        the  strata  of  many  parts  of  this  secondary  formation 

••  to  Aru3SSr*^    toward   its  exterior  circumferen<'e  mav  vary  from  a 

horizontal  to  an  inclined  iK)sition,  in  consecpience  of 
which  the  water  that  falls  in  dew  and  niins  in  the  hilly  districts,  be- 
<*oming  insinuated  l>etween  curved  stratifications,  may  descend  toward 
the  center  of  the  formation  under  such  circumst4inc(»s  as  would  insure 
its  rising  to  the  surface  through  well  or  l>ore  holes  sunk  sufficiently 
to  [>enetrQte  the  veins.'' 

The  rocks  of  the  Allegheny  Mountains  were  classified  as  granular 
limestone,  metalliferous  limestones,  transition,  argillite,  and  sandstone. 
The  n»port  was  accomimnied  by  a  volume  of  plates,  which  included 
geologii'al  sections  on  the  thirty-fifth  and  forty-first  parallels  (fig.  11). 
These  were  intended  to  fonu  contimnitions  of  Ma<-lure's  third  and 
fifth  KtM'tions,  already  noted  (p.  228). 

The  second  volume  of  Silliman's  American  .Journal  of  Science,  issued 
this  y<»ar,  had  a  long  article  by  the  editor — Sketches  of  a  Tour  in  the 
Counties  of  New  Haven  and  LitchtieKL  Conn.,  with  notices  of  the 
^     _^  (i«M)logy,  Mineniiogy,  and  Scenery-  in  which  are  de- 

suhmmi.  oiHMcatf.     K*rilN'd  the  various  ro<*ks  piu^sed  over,  among  others 


the  *•  primitive  whit*'  marble"  near  New  Milford. 
IledescrilHHl  this  as  **a  |K»rfectly  distinct  ImuI  in  gneiss,  which  is  found 
on  l»oth  sides  of  it,  and,  of  course,  lM)th  abov<»  and  Im»1ow  it."  a  sensible 
admixture  of  the  two  rocks  l>eing  |H»rceptible  for  some  feet  on  lK)th 
sides  of  the  junetion. 
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Just  what  Stlliman's  preconceived  opinion»  niay  have  been  is  not 
upiwrcnt,  l>ut  be  remarked  in  a  satisfied  way  that  the  associationM 
were  exa<;tly  what  he  had  anticipated. 


The  giHiltiKii'al  relatiima  iif  tdf  iiiarl>le  appear  to  have  In^n  perfeolly  dietinrt, 
*  *  *  anil  ^iiv^•  ux  lu-w  n-aw)n  tu  admin-  that  woiidtrful  order aixl  hanuony,  little 
expected  by  people  in  p^neiul,  which  are  found  eijiially  in  the  tniiieral  kingdom  aa 
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in  the  animal  and  vegetable,  and  which  afforded  on  analogical  grounds  the  best  rea- 
Hon  to  predict  that  the  geological  aspociation  of  this  marble  would  !)e  found  to  be 
wliat  it  actually  is. 

In  the  district  are  nearly  all  the  iuijH>rtant  primitive  ro<*k8  of  Verneuil,  while  New 
llampflhire  includes  a  considerable  portion  of  his  secondary  formations. 

In  the  same  Journal,  Deninon  Olmsted,  then  at  Chapelhill,  in  North 
Carolina,  announced  the  discovery  of  a  red  sandstone  formation  in 
North  Carolina,  which  he  had  traced  through  the  counties  of  Orange 
and  Chatham,  with  a  breadth,  in  one  instance  at  least,  of  al>out  7  miles. 

Caleb  Atwater,  in  the  same  volume,  noted  the  occurrence  of  ancient 
human  bones,  together  with  those  of  a  mastodon  or  mammoth  in  Ohio, 
which  indicated  to  his  mind  that  the  whole  country  had  at  one  time 
been  covered  with  water,  which  had  made  it  ''one  vast  cemetery  of 
the  l)eing8  of  former  ages." 

In  August,  1819,  Dr.  Samuel  Akerly,  who  is  first  mentioned  on  page 
223,  read  before  the  New  York  L^'ceum  an  essay  on  the  geology  of 
the  Hudson  River  and  vicinity.  This  was  published  the  year  follow- 
ing in  the  form  of  a  small  duodecimo  volume  of  69 

Akarfly  mi  the  ^ 

Oiiiaipr  of  the  pages,  and  was  accompanied  by  a  colored  section  of 

'  the  country  from  the  neighborhood  of  Sandy  Hook, 
New  Jersey,  northward  through  the  Highlands  in  New  York  toward 
the  Catskills.  This  section  is  mainly  interesting  as  being  the  second 
attempt  of  its  kind,  being  preceded  by  Elaton's  transverse  section  from 
the  Catskills  to  the  Atlantic  by  only  two  years.  The  work  consisted 
mainly  of  descriptive  details  relating  to  the  lithological  character  of 
the  various  formations,  and  contained  little  else  of  value.  Akerly  was 
a  dificiple  of  Mitchill,  whom  he  followed  implicitly.  He,  however, 
questioned  the  Old  Red  Sandstone  age  of  the  Connecticut  River  sand- 
stones, on  account  of  bones  of  land  animals  having  been  found  beneath 
them  at  Nyack.  Since,  however,  credence  is  given  to  the  reported 
finding  of  pine  knots,  earthen  vessels,  iron  instruments,  corn  cobs,  etc., 
under  these  same  sandstones,  and  an  iron  instrument  resembling  a 
pipe  in  the  anthracite  coal  of  Rhode  Island,  little  weight  can  be  given 
even  to  bis  doubts. 


CHAPTER  II. 

THE  BATONIAN  BRA,  1820-1829. 

According  to  Aidoh  Eaton,  1820  marked  the  close  of  the  first  era  of 
American  geology.  Accepting  this,  it  may  well  be  called  the  Maclur- 
eanera.  The  second,  including  the  decade  1820-1821^  may  with  ecjual 
propriety  be  called  the  Eatcmian  era,  since  Katon  was  the  most  promi- 
nent worker  as  well  as  most  profuse  writer  of  the  decade.  In  so  doing, 
however,  we  must  not  overlook  the  fact  that  Eaton  was  favored  with 
unusual  opportunities,  owing  to  the  nmnificence  of  the  Hon.  Stephen 
Van  Rensselaer  and  that  he,  himself,  would  (K'rhaps  have  called  it  the 
Kensselaerian  era. 

The  era  opened  with  promise,  and  though  the  results  as  apparent 
on  paper  were  not  great,  yet  much  was  actually  accomplished.  It  was, 
so  to  speak,  a  transition  {period,  one  in  which  the  i)ossi})ilitios  of  State 
and  Governmental  surveys  were  seriously  considen»d,  and  one,  too,  in 
which,  so  far  as  America  was  concerned,  there  was  made  the  first  sys- 
tematic attempt  at  correlation  by  means  of  fossils.  W(^  meet,  too, 
during  this  interval  the  first  really  satisfactory  suggestion  as  to  the 
source  of  the  glacial  drift,  the  first  recognition  of  overturned  folds 
and  the  possibility  of  the  repetition  of  stnita  through  faulting  and  dis- 
placement. The  cosmogonists  had  largely  disapix^arcd  and  in  their 
place  were  men  who  bad  learned  to  first  obs(M*ve  and  then  deduce 
an*ording  to  their  understanding  of  the  observed  phenomenu. 

In  1820  Eaton  published  a  second  iMlition  of  his  Index  in  the  form 
of  a  small  octavo  volume  of  2S0  {xages.  In  this  many  of  the  earlier 
opinions  were  restated  with  little,  if  any,  modification.  His  views  rel- 
ative to  the  origin  of  the  continents  were  illustrattnl 
IS30.  '^y  ^^^  plate  hen*  reproduc(»d,  but  the  sourc(»  of  the 
energy  which  n»sulted  in  the  elevation  of  th(»  contiiHMits 
still  unexplained.     lie  assi'rt4*d: 


TluU  the  lentM  nuule  by  the  grand  cxploHion,  whioli  first  upturn<Ml  and  diHti>;nnHl 
tlM*  riM'ky  cnui  of  th<*  earth,  wen*  in  a  north  und  w»uth  dinH'tmn.  That  tlioM*  critKs- 
inir  tlie  forty-MHYind  ikyree  ni  north  latitndt*  wen*  ]»rin4-i|>:illy  inadt*  at  tlit*  Pvn'n«*«>s 
bihI  AI|m>  in  KarofM*,  CaucaHUH,  Tartar y,  and  China  in  Ania.  HiN-ky  Mountain  and 
NVw  Knglmnd  in  America. 

Wlirthrr  thin  theory  acconla  with  the  rva\  ori^rin  of  the  pn*»««'nt  ntati*  t>f  thin^rn  t>r 
h*«l  ip  iiiitiuitenal.  It  ia  intrrKliured  Holely  ft>r  tlie  puriMK^i*  nf  aiding  th«'  in«*niory  in 
fCwIpng  the  atrala  which  we  know  <lo  exint. 

LT.l 
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His  views  regarding  the  formation  of  eaves  in  limestone  were  prim- 
itive and  highly  interesting: 

.  When  the  waters  of  the  ocean  retired,  the  ealcarec^Us  cement  whicli  now  hoUlH  the 
shells  together  was  in  a  Htate  of  soft  paste.  *  *  *  After  the  waters  retire<l  the 
parts  exposed  to  the  sini^s  rays  Ix^gan  to  harden,  contract,  and  crack  into  blocks. 
In  some  parts  of  the  Heldeberg  these  blocks  are  of  great  extent,  but  I  have  seen 
acres  of  it  where  the  stratum  is  very  thin,  checkered  up  into  blocks  from  2  to  10  feet 
square.  Where  the  stratum  is  very  thick  and  the  fissures  very  long,  large  caverns 
were  frequently  formed,  for  the  upper  surface  of  the  stratum  was  soon  dried  and 
indurated,  while  the  whole  remained  soft  a  long  time  a  few  feet  below  the  surface. 
If  a  stream  of  water  happened  to  flow  in  the  vicinity  of  the  Assure,  it  would  prob- 
ably make  its  way  into  it  and  soon  wash  away  the  loose  shells  beneath  the  surface, 
which  were  merely  enveloped  in  soft  calcareous  paste. 

And  further: 

I  have  examined  four  of  the  largest  caverns  in  the  Heldebeiig,  and  they  all  still 
exhibit  conclusive  evidence  of  their  having  been  once  in  the  state  of  mere  fiasuree, 
and  streams  of  water  still  traverse  them  all. 

The  majority  of  readers  of  to-day  need  scarcely  be  told  that  these 
limestone  caves  are  formed  wholly  by  a  process  of  solution,  by  surface 
waters  acting  upon  the  strata  only  after  they  had  reached,  essentially, 
their  present  position  and  condition  of  induration.  The  streams  of 
water  which  are  found  traversing  the  caves  are  incidental  and  conse- 
quent rather  than  causative. 

His  views  on  the  formation  of  stalactitic  iron  ore,  as  exemplified  in 

the  Salisbury  mine,  are  equally  interesting.    The  ore,  he  believed  to 

have  been  at  one  time  specular  iron  imbedded  in  the  talco-micaceous 

rock,  and  deposited  in  its  present  form  from  a  state  of  fusion  as  recent 

as  the  time  when  the  "Alluvion"  was  formed. 

These  stalactites  are  always  suspended  from  masses  intermixed  with  the  soil  in 
such  a  manner  that  it  is  evident  the  iron  was  in  a  state  of  fusion  when  in  contact 
with  it.  The  foot,  which  still  adheres  to  all  stalactitic  specimens,  proves  that  the 
heat  was  continued  after  the  ore  was  confined  in  its  present  state.  If  it  was  ever 
fused  down  from  any  rock,  it  must  have  been  the  same  out  of  which  the  alluvion 
embracing  it  was  fonned.  The  cause  producing  such  a  high  heat  I  shall  not  attempt 
to  assign;  but  that  the  ore  exhibits  sufl[icient  evidence  of  its  having  been  recently 
fused,  I  believe  no  one  can  question  who  has  ever  inspected  it  in  place. 

The  reader  of  to-day  need  here  also  scarcely  be  told  that  all  the 
peculiarities  thus  described  were  due  not  to  heat,  but  to  deposition 
from  solution. 

His  views  regarding  many  phenomena  were,  naturally,  largely  a 
reflection  of  those  held  by  European  authorities.  In  fact,  one  of  the 
most  striking  features  which  impresses  itself  upon  the  reader  of  these 
early  works  is  the  attempt  manifested  by  all  to  correlate  the  various 
formations,  not  of  America  alone,  but  American  with  European,  on 
purely  lithological  grounds.  If  a  specimen  of  sandstone,  schist,  or 
whatever  it  might  be,  resembled  another  from  a  different  source,  no 
matter  how  distant,  this  was  considered  evidence  of  its  belonging  to 
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the  8an»  formation.     ThLs  method  of  correlation  did  not  wholly  dis- .. 
appear  among  American  workers  for  many  years,  although  Marcou 
was  pfobably  its  latest   ardent  apostle.      Eaton   himself  made  an. 
attempt  to  break  away  from  it  in  his  later  work,  as  will  be  noted. 

In  the  work  under  discussion  the  crystalline  limestone  or  granular 
limestone  and  quartz,  calcareous  and  granular  quartz,  and  metalliferous 
limestone  of  the  first  edition  were  regarded  as  all  belonging  to  one 
and  the  same  stratum,  but  the  position  of  this  limestone,  as  shown 
near  the  east  line  of  Danbury,  Connecticut,  confused  him. 

Here  the  layers  dip  to  the  west;  but  in  West  Stockbridge  and  Alford  they'fefen- 
ally  dip  to  the  east,  though  there  eeems  to  be  no  conformity  in  their  direction. 
Had  Bome  force,  applied  at  the  eastern  edge,  raised  these  mountain  masses  from  the 
horixontal  toward  the  vertical  position,  leaving  some  inclined  to  the  east  and  forcing 
others  beyond  a  vertical  position,  they  would  have  presented  their  present  inclination. 

This  is  the  first  suggestion  of  anything  resembling  an  overturned 
fold  which  had  thus  far  been  made.  He  was  correct  in  his  observa- 
tions, but  the  science  had  not  sufficiently  advanced  to  enable  him  to 
realize  the  possibilities.  It  will  be  noted,  too,  that  he  was  w^orking 
in  a  region,  the  correct  interpretation  of  which  has  been  a  source  of 
dispute  for  nearly  three-quarters  of  a  century.  The  glacial  drift  w^as, 
as  in  the  first  edition  of  his  work,  still  classed  as  alluvial,  and  the 
materials  composing  Long  Island  and  the  coastal  plain  were  regarded 
as  of  a  common  origin. 

Eaton  made  use  of  Le  Due  and  Jameson's  awkward  name  of  Geest  to 
include  the  ^^  most  universal  of  all  strata,"  which  was  found  occupying 
**  every  inch  of  dry  land  which  is  neither  naked  nx'k  nor  covered  with 
alluvioa,"  and  the  character  of  which  'Ms  generally  indicated  by  the 
rock  upon  which  it  lies  and  by  those  which  have  recently  disappeared." 
Although  thus  defined,  in  his  attempt  to  outline  its  distribution  he 
failed  to  discriminate  between  the  true  residual  material  and  that 
which  is  drift. 

What  he  had  to  say  on  the  subject  of  organic  relics  or  fossils  was 
merely  an  adaptation  from  Martin's  Sytdtmut  rcl/f/fiiorum.  He  classi- 
fied these  relics  under  two  heads,  pt'tr!factlfmM  and  cofiMerratlnn,  Tin*. 
petrifactions  or  mibstUfitUmn^  as  he  sometimes  called  them,  were  '^  those 
relics  which  are  entirely  made  up  of  mineral  substances,  which  have 
gradually  run  into  the  places  occupied  by  organized  IkkIIcs,  iis  t host's 
bodies  decayed,  and  assumed  their  fonns."'  The  conservatives  or  pres- 
ervations, on  the  other  hand,  were  ^*  those  reli<*s  or  |)arts  thereof  which 
still  oODsist  of  the  very  same  substances  whi<*h  originally  com|K)sed  the 
living,  organized  being." 

Thejie  relii's  were  named  by  annexing  the  tennination  fit/u^^  a  stone, 
to  the  Hcientifie  name  of  the  living  orgtmisni:  as,  for  instance,  a  fossil 
fi*«li  would  lie  iriithyolithos,  though  the  tenninology  in  Knglish  he 
often  modified  from  lUhoH  to  ////-.     A<ioptiiig  this  nomen<*lature,  he 
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grouped  all  organic^  relics  under  nine  head«,  as  follows:  Genus  I, 
Mammodolite;  Genus  II,  Ornitbolite;  Genus  III,  Amphibiolite;  Genus 
IV,  Ichthyolite;  Genus  V,  Entomolite;  Genus  VI,  Helmintholite; 
Genus  VII,  Concholite;  Genus  VIII,  Erismatolite;  Genus  IX, 
Phytolite. 

In  1821  Eaton  was  employed  by  S.  Van  Rensselaer  to  make  a  geo- 
logicjil  and  agricultuml  survey  of  Rensselaer  County,  New  York.  His 
report,  printed  in  1822,  formed  an  octavo  pamphlet  of  70  pages,  and 

was  accompanied  by  a  geological  section,  extending 
|5lS»iw*county!*  f  ^om  the  Onondaga  Salt  Springs  across  the  county  to 

Williams  (college  in  Massachusetts.  The  first  thirty 
pages  of  the  report  were  given  up  to  discussions  of  the  chaiucter  and 
distribution  of  the  various  kinds  of  roc*ks  and  soils,  and  the  remainder 
to  methods  of  culture  and  an  agricultural  calendar. 

The  rocks  of  the  county,  as  well  as  those  of  Washington  County  on 
the  north  and  of  Columbia  County  on  the  south,  were  regarded  as  chiefly 
l)elonging  to  the  transition  formations.  Secondary  limerock  resting 
on  the  graywacke  was  found  in  Schaghticoke  about  four  miles  east  of 
the  Hudson  and  in  the  northern  part  of  Greenbush.  As  to  whether 
the  argillite  along  the  eastern  margin  of  the  county  was  transition  or 
primary,  he  was  in  doubt.  As  with  his  contemporaries,  he  based  his 
opinions  largely  upon  lithological  data,  quite  failing  to  realize  that 
rocks  of  widely  varying  age  ma\'  more  or  less  resemble  each  other, 
according  to  local  conditions  and  the  amount  of  metamorphism  they 
may  have  undergone.  Passing  westward  from  Williams  College,  the 
various  rocks  met  with,  as  shown  in  his  section,  and  described  are  (I) 
granular  and  primitive  limestone,  (2)  metalliferous  or  transition  lime- 
stone, (3)  argillite,  (4)  metalliferous  limestone  again,  (5)  a  second  band 
of  argillite,  (6)  graywacke  with  sporadic  patches  of  (7)  compact  second- 
ary limestone,  (S)  secondary  or  calcareous  sandstone,  and  (9)  argillaceous 
graywacke,  semi-indurated  argillite,  and  clay  slate.  The  first  three 
were  represented  with  steep  westerly  dips  passing  under  the  gray- 
wacke, which  constitutes  the  principal  formation. 

On  November  17,  1820,  the  Hon.  J.  B.  Gibson  read  a  paper  before 
the  American  Philosophical  Society,  which  was  published  in  the 
Transactions  of  that  year,  on  the  trap  rocks  of  the  Conewago  Hills 

near  Middletown,  Dauphin  Countv,  and  Stony  Kidgc 

Trap'RockTrs^"     "^**^   Carlisle,    Dauphin   County,   Pennsylvania.     He 

described  the  mode  of  w^eathering  into  bowlders,  and 
rightly  argued  that  such  was  due  wholly  to  atmospheric  agencies  and 
did  not  indicate  an  original  ('oncretionary  structure.  He  seemed  to 
regard  the  columnar  structure  in  this  class  of  rocks  as  due  also  to 
deconi{M>siti(>n,  mentioning  as  an  example  the  columns  of  the  Gianfs 
CaiLseway,  "which  <»xhibit  regular  prismatic  form  only  when  it  has 
long  l)een  exposed  to  th(»  action  of  the  atmosphere."' 
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lie  did  not  regard  the  trap  of  the  Conewago  Hills  as  igneous,  but 
that  of  Stony  Hill  presented  to  him  an  appeamnce  more  decisively 
volcanic.  This  did  not,  however,  necessarily  mean  that  there  may 
have  once  existed  a  crater  here. 

These  observations  of  Gibson  relative  to  the  mode  of  decomposition 
of  the  trappean  rock  are  of  interest  when  taken  in  connection  with 
observ^ations  of  other  individuals  of  about  this  period  in  North 
Carolina. 

It  appears  that  the  attention  of  the  Rev.  James  Hall  and  Zachariah 
Lewis  had  been  called  to  what  are  now  known  to  be  small  tmppean 
dikes  on  the  Yadkin  River,  near  Salisbury,  which  had  undergone 
decomposition  into  small  })owlder-like  masses.  The  fact  that  these 
dikes  had  at  one  time  occupied  rifts  in  older  rocks  which  had  largely 
disappeared  through  decomposition,  leaving  them  standing  in  wall- 
like masses,  entirely  escaped  the  observation  of  the  two  gentlemen 
named,  and  they  were  consequently  described  as  probably  of  human 
workmanship. 

In  response  to  a  reque.st  of  Dr.  Samuel  L.  Mitchill,  Mr.  John  Beck- 
with  made  an  examination  of  the  occurrences  and  reported  the  result 
in  a  letter  printed  in  the  American  Journal  of  Science  for  1822. 
l^kwith  described  in  considerable  detail  the  occurrence  of  the  dikes 
and  the  stages  of  transition  from  the  solid  l)owlder-like  masses  to  the 
supposed  interstitial  cement.  While  apparently  not  lealizing  com- 
pletely the  fact  that  their  then  appearance  might  l)e  due  to  decompo- 
sition, his  description  is  such  as  to  leave  no  doubt  in  the  mind  of  the 
present  reader.  As  to  the  exact  character  of  the  material  itself,  he 
was  somewhat  at  a  loss,  but,  on  the  whole,  inclined  to  iK'lieve  it  to  be 
basaltic,  though  perhaps  of  aqueous  rather  than  igneous  origin. 

The  work  of  Thomas  Nuttall  merits  attention  here  only  on  account 
of  the  time  of  its  accomplishment.  Nuttall  himself  was  not  a  geolo- 
gist, nor  can  he  be  considered  an  American.     His  principal  work  was 

of  a  botanical  and  ornithological  nature,  the  paper, 
0iwi«tiiM.  Ol>servations  on  the  (leological  Structure  of  the  Valley 

of  the  Mississippi,  l)eing  his  sole  contribution  to  the 
literature  of  geology.  This  was  read  Iwfore  the  Philadelphia  Academy 
in  December,  1820,  and  in  its  printed  form  occupies  38  jwiges  of  the 
journal  of  the  soc*iety. 

NuttalPs  travels  took  him  along  the  southern  shore  of  Lake  Krie  to 
Detroit;  thence  by  ctinoe  along  the  coast  of  l^aki*  Huron  to  Michili- 
mackinae;  thence  southwestward  to  Green  Bav,  Wisconsin,  and  bv  wav 
of  the  Fox  and  Wisc*onsin  (Ouisconsin)  rivers  to  the  Mississippi,  near 
Prairie  du  Chien,  and  southward  to  St.  Ixniis.  This  and  other  trips 
up  the  Missouri  and  Arkansas  rivers  gave  him  ample  op|M)rtunity  for 
Hurli  supi^rticial  olisi^rvations  as  he  was  compettMit  to  make.  The.s<' 
f>l>.'^r\'atioiia  consisted  largtdy  of  conje<*tures  as  to  the  geognipliir 
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limits  of  the  secondary  formations,  which  he  found  here  to  consist 
mainly  of  limestone  strongly  resembling  the  mountain  limestone  of 
Derb^^shire  in  England,  and  he  announced  himself  as  **  fully  satisfied 
that  almost  every  fossil  shell  figured  and  described  in  the  Petrifica 
Derbiensia  of  Martin  "  was  to  be  met  with  throughout  the  great  cal- 
careous platform  of  the  Mississippi  Valley.  The  limits  and  character 
of  the  "Ancient  Marine  Alluvium,"  it«  fossil  and  mineral  contents 
were  discussed;  the  essay  concluding  with  some  observations  on  the 
Transition  Mountains  of  Arkansas,  with  brief  notes  on  the  hone  slate 
of  Washita. 

In  1820  there  appeared  also  H.  H.  Hayden's  Geological  Essays. 
These  are  of  especial  interest  as  dealing  particularly  with  the  Tertiary 
and  more  recent  alluvial  deposits  of  the  Atlantic  and  Gulf  coasts,  form- 
ing what  is  now  known  as  the  coastal  plain.     The  work 
1*8^*"  *  EM«y»,      \^  verbose  in  the  extreme  and  more  argumentative  than 

logical.  Indeed,  were  it  not  for  its  historical  interest 
and  for  the  light  which  is  thrown  upon  the  crudities  of  early  observa- 
tion and  deduction,  it  would  be  scarcely  worth  considering  at  all. 

After  referring  to  the  geographical  limits  of  this  coastal  plain,  as 
defined  and  mapped  by  Maclure,  and  combating  the  opinions  of  pre- 
vious observers  [including  Latrobe,  Stoddard,  and  others]  to  the  effect 
that  it  was  formed  by  flood  tides  and  the  winds  acting  on  materials 
cast  up  by  the  sea  or  through  the  transporting  powers  of  the  great 
rivers.  Hay  den  proceeded  to  elaborate  his  own  theories  in  a  way  as 
ingenious  as  it  now  seems  improbable.  ''Viewing  the  subject  in  all 
its  })earings,  there  is  no  circumstance  that  affords  so  strong  evidence 
of  the  cause  of  the  formation  (i.  e.,  the  coastal  plain)  as  that  of  its 
having  been  deposited  by  a  genenil  current,  which  at  some  unknown 
period  flowed  impetuously  across  the  whole  continent  of  America,  and 
that  from  northeast  to  southwest.''  The  course  of  this  current  he 
assumed  depend(»d  on  that  of  the  general  current  of  the  Atlantic 
Ocean,  the  waters  of  which  rose  to  such  a  height  that  '"it  overran  its 
ancient  limits  and  spread  desolation  on  its  adjacent  shores." 

In  seeking  a  cause  for  this  general  current  the  author  referred,  first, 
to  the  seventh  chapter  of  the  !)ook  of  (icnesis,  ''For  yet  seven  days, 
and  I  will  cause  it  fo  rahi  upon  the  earth  forty  days  and  forty  nights, 
and  r/'tv//  flrlfxj  HuhMtince  tlutt  I  hnrr  n\(uh^  miJl  I  de fit  ray  from  off  the 
fiirc  ({fthr  earth,-^  He  then  proceeded  to  show  the  inadequacy  of  this 
cause  alone;  the  water  being  thus  equally  distributed  over  the  ocean 
and  the  land,  there  '"could  be  no  tendency  to  cause  a  current  in  the 
former.'"  Some*  other  cause  must  therefore  be  sought,  and  fortu- 
nately his  imagination  proved  ecjual  to  the  task. 

Accepting  as  probable  the  suggestion  of  "a  writer  of  no  common 
celebrity/'  presumal)ly  Kirwan,  to  the  etfect  that  the  cause  of  the 
genenil  deluge  was  the  melting  of  the  ic<»  at  the  two  {>oles  of  the  earth, 
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and  that  this  was  occasioned  by  the  sun  deviating  from  the  ecliptic,  he 
proceeded  to  explain  in  his  own  way  how  thi.s  might  be  brought  about, 
though  acknowledging  that  no  positive  testimony  could  possibly  })e 
adduced  to  substantiate  the  fact. 

Having  admitted  the  possibility  of  the  earth's  changing  its  position 
so  that  the  sun  would  pass  '"'immediately  over  the  two  poles  upon  an 
unknown  meridian,"  he  showed  that  there  would  then  result  a  rapid 
dissolution  of  the  existing  ice  caps,  such  as  would  yield  an  ample  sup- 
ply of  material,  it  being  only  necessary  to  give  it  direction.  Consid- 
ering as  essential  to  the  problem  only  the  northern  hemisphere,  he 
remarked  that  from  this  polar  cap  there  are  but  two  outlets — the  one 
into  the  Pacific  Ocean  through  the  narrow  I^>ring  Strait  and  the  other 
through  the  wider  channel  })etween  (heenland  and  Lapland  into  the 
Atlantic.  Hence,  when  the  melting  ensued,  by  far  the  larger  vol- 
ume of  water  passed  into  the  latter  ocean. 

No  sooner  waa  thiM  operation  et<tabli8he(i,  and  thisacce«Hi<>n  of  8trenj;than<l  |K>\ver 
thrown  into  the  Atlantic  Ocean  in  particular,  than  its  tide  l>ejran  to  rii^e  alM)ve  itw 
common  limits  ac(*ompanie<l  by  a  consetjuent  current,  l)oth  constantly  increai*ing, 
the  one  in  height  and  the  other  in  rapidity,  proportion^*!  to  the  increa.<e  of  |>o\ver  at 
the  focui*.  »  *  *  At  the  commencement  of  this  frightful  dninia  the  currt^nt,  it  is 
highly  probable,  was  divided  by  the  craggy  heights  of  Spitzl)ergen  and  a  part  thrown 
into  the  White  Sea,  while  the  other  wa*»  thrown  back  upon  the  caj^tcrn  an<l  southern 
<*oa^t  of  Greenland,  and  from  thence  in  a  southwestern  <liri'ction  imtil  it  strmk  the 
Houtheastem  coast  of  I^brador,  along  which  it  swept  through  the  straits  of  lielle 
Isle,  across  Newfoundland,  Nova  Scotia,  and  along  the  Atlantic!  coast  into  the  (iulf 
of  Mexico.  *  *  *  In  a  short  space  of  time,  the  southern  an<l  eastern  coast  ot 
I^brador,  over  which  this  current  wa*?  urged  with  increasinof  force,  was  desolated. 
The  soil  ♦  ♦  ♦  was  hurle<l  adrift  and  *  *  ♦  carrie<l  across  the  country  into 
the  Gulf  of  St.  Lawrence,  and  across  a  part  of  New  Kngland  into  the  sea,  or  general 
current  of  the  ocean.  Continuing  to  rise,  the  waters  swept  across  Davis  Strait  an<l 
n>Iled  their  tumultuous  surges  into  Hudson  Bay,  embracing  the  whole  coast  of  I^ib- 
ra<lor,  while  the  une<|ual  current  of  the  St.  I^wrence  was  forre'f  fmrk  mui  nptntnl  to 
itf  jffjmU  fonrce.     ♦     *     * 

At  length  the  flo<xls  of  the  |K)le  forming  a  juncti<»n  with  Battins  Bay  an<l  the  Arc- 
tic Sea,  <lefying  all  bounds,  overran  their  ancient  limits  and  hurkMl  their  united 
forces,  in  drea<i  confusion,  atToss  the  bleak  regi<»ns  of  the  north  t<»  consummate  the 
awful  sci*ne.  Thus  lakes  and  seas  uniting  formed  <»ne  common  ocean  whi<h  was 
pnj|»elle<l  with  inconceivable  rapidity  across  the  continent  l)etween  the  great  chain 
of  mountains  into  the  Gulf  of  Mexico  and  probably  over  the  unj^eople*!  wilds  of 
South  America  into  the  Southern  Ocean.  Fulfille<l  in  this  way  were  the  awful 
deuuiu'imtions  of  an  offended  Go<l,  bv  the  sure  extermination  of  everv  In^ast  of  the 
field  an«l  ever>'  creeping  thing  that  creepeth  UjMjn  the  fare  (»f  th(»  earth. 

The  argument  ased  to  substantiate  or  in  favor  of  the  probability  of 
the  above  causes  can  not  lie  dwelt  upon  here.  But  to  these  causes  he 
believed  to  be  due  not  merely  the  alluvial  deposits  of  the  coastal  plain, 
but  a«  well  the  barrenness  of  soil  of  the  rocks  in  Labnidor  and  the 
northeastern  jx)rtion  of  the  continent,  and  also  the  general  phenonuMia 
of  the  glacial  drift,  the  })owlders  of  the  latter  l>eing  conceived  as 
transported  by  floating  ice. 
WAT  jn»  1904 17 


258  REPORT    OF    NATIONAL    MUSETTM,    1904. 

While  all  this  was  taking^  place  on  the  American  continent,  the 
material  supplied  hy  the  melting  of  the  south  Polar  ice  cap  was  find- 
ing its  way  northward  over  Asia,  carr^nng  with  it  to  northern  Siberia 
the  mammoth,  rhinoceros,  and  other  gigantic  animal  remains  now 
there  found.     In  this  last,  it  will  he  observed,  he  followed  Pallas. 

The  opinion  held  by  many  to  the  effect  that  the  deltas  of  rivers 
were  composed  exclusively  of  alluvion  brought  down  in  the  course  of 
time  and  deposited  at  their  mouths,  he  regarded  as  ''a  flagrant  dere- 
liction from  truth  and  every  principle  of  sound  reasoning  and  estab- 
lished fact.''  Such  he  regarded  as  formed  in  part  of  natural  alluvion 
of  the  rivers,  in  part  of  wind-blown  sand  and  dust,  and  in  part  of  waste 
from  the  tields  due  to  cultivation  and  the  cutting  awav  of  forests. 
Thus  eiirly  he  recognized  the  importance  of  man  as  a  geological  agent, 
and  also  that  of  the  wind.  He  nowhere  in  the  whole  150  pages  of 
the  discussion,  however,  recognized  the  now  well-known  fact  that 
deltas  are  formed  onh^  at  the  mouths  of  rivers  emptying  into  tide- 
less  seas. 

Strangely  enough,  although  one  of  the  earliest  to  recognize  the 
extent  and  importance  of  the  alluvial  formations,  Hayden  seems  to 
have  had  very  hazy  notions  regarding  the  origin  of  their  materials. 
The  belief  held  by  main'  to  the  effect  that  every  species  of  rock  is 
liable  to  a  slow  })ut  progressive  form  of  disintegration  and  decomposi- 
tion was  to  him  rank  heresy,  as  '^tantamount  to  a  libel  against  the 
letter  and  spirit  of  Holy  Writ."  Not  but  that  some  rocks  may  indeed 
decompose,  such  as  the  *'  micaceous  schistus,"  but  "'gmnite  and  other 
rocks  of  like  nature,  where  the  (juartz  feldspar  and  mica  are  perfectly 
combined,  are  practically  indestructible;'-  and  the  arguments  he  used 
to  prove  this  are  precisely  those  used  to-day  to  prove  the  rapidity  of 
the  destructive  process — that  is,  the  evidence  furnished  by  old  stone 
monuments  and  Imildings.  Blinded  by  his  religious  prejudices  and 
preconceived  notions,  he  refused  to  accept  proof  of  such  deca}',  even 
when  confronted  by  it  in  unmistakable  forms,  referring  to  such  as  but 
the  *'  debris  of  the  incompact  or  imperfcntly  formed  mass  that  served  as 
the  covering,  as  it  were,  of  the  rocks,  and  which,  being  destitute  of 
a  cement,  had  fallen  away  to  sand.^ 

Even  that  "'the  soil  which  covers  the  face  of  the  earth  was  produced 
by  the  disintegration  of  rocks"  was  to  him  an  opinion  unfounded 
both  in  natural  as  well  as  in  moral  philosophy,  and  betrayed  a  want 
of  attention  to  the  plans  of  the  Omnipotent.  ''  Who  can  or  will  con- 
tend that  the  mountains  of  our  earth  are  becoming  more  and  more 
deprcvssed  by  the  disintegration  of  the  rocks  of  which  they  are  com- 
jx)sed?  ♦  ♦  ♦  Fortunately,  however,  it  is  not  so.  The  Great 
Author  of  Nature  intended  it  otherwise,  and  thev  are,  and  ever  have 
Ihhmi,  the  same  in  height,  in  all  human  probability,  that  they  were 
from  the  commencement  of  time." 
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Hayden  waw  the  first  to  suggest  thf.  iiiiiiie  T-r/mi-;/  for  foniiatiuiiH 
of  alluvial  origin  and  more  recent  than  the  secondary.  The  secondary 
formations  he  reganled  hs  ''the  results  of  a  natural  operation;"  that 
is,  as  natural  deposits  from  water,  probahly  in  a  state  of  perfect  tmn- 
quility.  The  alluvial,  on  the  otlier  hand,  were  the  results  of  "acci- 
dental operationfi.^* 

These  essays  were  very  favorahly  reviewed  by  Silliumn  in  the  third 
volume  (1821)  of  his  journal,  even  the  idea  of  the  fusion  of  the  jjolar  ice 
cap  l»eing  allowed  to  pass  with  no  inoi-e  .lerious  criticism  tlian  t^>  suggest 
that  the  flood  of  waters  might  have  l>een  produced  through  the  expul- 
sion of  the  same  from  cavities  in  the  eartli.  -1.  K.  De  Ka}'.  writing  in 
1S2H.  ventiired,  however,  to  take  exception  to  some  of  the  expressed 
views  regarding  drift  towlders.  He  wisely  suggested  that  since  the 
speculative  |)art  of  geology  is  Imt  a  series  of  hypotheses  wc  should  in 
every  case  admit  that  which  explains  the  phenomena  in  the  simplest 
))ossihle  manner.  To  his  mind  the  simplest  manner  of  explaining  the 
presence  of  bowlders  of  primitive  rocks  scattered  over  a  secondary  or 
alluvial  region  was  to  supi)ose  that  such  had  he<-n.  as  igneous  iintterials^ 
extruded  through  all  superincumbent  strata,  forming  peaks  which 
have  since  been  destroyed  by  simie  convulsion  of  nature  or  l>y  the 
resistless  tooth  of  time,  the  bowlders  thus 
Itcing  but  fragments  which  had  escii[)i'd 
destruction,  though  their  place  of  extrusion 
had  bet-ome  completely  obscured. 

I layden's  carter  was  varied  and  interest- 
ing. Early  thrown  on  his  own  resources, 
with  an  ardcnl  desire  for  knowledge  and 
craving  for  travel,  he  went  to  sea  at  the  age 
of  fourU-en.  making  (wo  voyages  to  tlic  West 
Indies,  after  which  he  re- 
SkMck  af  Hardca.  tumed  to  his  school  and  his 
Itooks.  When  sixteen  years 
of  a|r<'  he  WHS  txtund  out  to  an  a]))>r<'nticcslii|i 
with  an  architect,  with  whf>m  he  served  imtil 
be  n'ached  his  majority,  when  he  once  moi 
Indies  and  established  hiiuM-lf  iit  I'oint  A  Pitre 
one  of  the  Lesser  .\ntiUes.  Ill  health,  howe 
Imck  to  America,  where  be  found  employment  in  liis  profession  in 
Connecticut  and  New  York,  with  occusional  int<'rval>  of  teaching,  in 
wbicb.  it  wan  stated,  be  was  very  successful. 

ThnHijth  accident  his  attention  was  turned  to  dentistry,  and  with  no 
prelim inari'  training  and  only  such  knowled'jc  a>  could  Im'  gained  l)y 
reading,  be  established  himself  in  the  practice  of  that  profession  in 
KsltinKire.  somewbere  at>out  1m'4.  iM-ing  then,  ii  isill  be  observed, 
iMrlwevD  fifty  and  sixty  years  of  age.     In  this  work  he  i>  reptvsented  u^ 
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l)eing  highly  successful,  rising  rapidly  in  public  confidence  and  hold- 
ing the  highest  profeasional  rank  in  the  city.  When  the  American 
Society  of  Dental  Surgeons  was  established,  he  l)ecanie  its  first  presi- 
dent. Aside  from  his  profession  he  devoted  himself  to  studies  in 
physiology  and  pathology,  as  well  as  geology. 

To  Volney  and  Mitchill's  hypotheses  (mentioned  on  p.  232)  to  the 
etfect  that  the  deep  gorge  of  the  Potomac  at  Hai*pers  Ferry,  of  tin* 
Hudson  at  West  I\)irit.  the   Delaware  near   Easton,   the  Si^huvlkili 

northwest  of  Hamburi^,  and  the  Susquehanna  below 
to  Hypotheses  of        liamsburg,  were  torn  open  by  the  pressure  of  the 

waters  of  Lake  Ontario,  Mr.  J.  W.  Wilson,  in  the 
American  Journal  of  Science  for  1821,  took  exception.  He  gave 
altitudes  showing  that  the  waters  of  the  supposed  lake  could  never 
have  risen  within  500  feet  of  the  summit  of  the  highlands  at  West 
Point  without  discharging  over  the  summits  of  the  mountains  at 
Harrisburg;  or  through  Lake  Champlain  into  the  Sorel  and  St.  Law- 
rence before  rising  within  1,400  feet  of  Butler  Hill,  near  West  Point. 
These  were  good  arguments,  but  the  explanations  offered  ))y  Mr. 
Wilson  were  in  themselves  })y  no  means  satisfactory.  ^'Is  not"  he 
wrote  "the  b<*st  theory  of  the  earth,  that  the  Creator,  in  the  begin- 
ning, at  least  at  the  general  deluge,  formed  it  with  all  its  present 
grand  characteristic  features  ( '"*  To  this  the  editor  (Silliman)  responded 
in  a  footnote  that  "The  Creator  undoubtedly  brought  all  matter  into 
l>eing  and  established  the  laws  which  govern  it;  the  operation  of  those 
laws  then  is  always  a  fair  su})ject  of  discussion,  and  although  it  is  the 
s/tartfM  it  is  not  the  most  i/i^frurfirr  course  to  cfif  th^  knot  where  it 
mav  be  v/tfitf//' 

Early  accounts  of  th(»  geology  and  mineralogy  of  North  America 
were  eagerly  seized  u[K)n  by  foreign  scientists,  as  well  as  those  inter- 
ested from  a  spirit  of  gjiin  only.  Thus,  in  1822  there  was  published 
in  Hamburg,  in  the  form  of  a  small  octavo  pamphlet  of  124  pages,  a 
series  of  extracts  from  the  American  Journal  of  Science  and  Journal 
of  the  Academy  of  Natural  Sciences,  entitled  Beitrage  Zur  Mineral- 
ogie  u.  (teologie  des  Nordlichen  Americ^i's  na<-h  Amerikanisc*hen 
Zeitschriften  bearbeitet  von  Heinrich  von  Struve.  The  articles 
abstracted  were  Schoolcraft's  account  of  the  native  copi>er  on  the  north 
shores  of  Lake  Sui)erior;^'  A.  (i.  J essup's  geological  and  mineralogical 
observations  on  a  portion  of  the  northern  border  of  New  York;' 
Vanuxem's  de.s<'ription  and  analyses  of  the  Wollastonite  (Taffelspath's) 
of  Willsborough,  New  York;''  John  Dixon's  mineralogical  and  geo- 
logical observations  on  a  part  of  North  and  South  Carolina;  Gerard 
Troost's  description  of  a  mineral  resembling  ami >er  found  in  the  sands) 

"  Anu*ri<*an  .Toiirnal  ol' ScieiK-e,  III,  1821,  No.  2. 

^  Juurual  of  the  Aimleuiy  of  Natural  Sck^ncee,  Philadelphia,  i>0(x;mber,  1S21. 
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i>f  ('a|»c  Sable:"  mul  inisci'llaiicuu"  note.-'  on  tl»'  yculujjv  itiid  iiiiiii-rul- 
•  ijjy  of  Noi-th  AinoricH  frniii  Hii'  Hiiiir  |>ulili^lii'r«,''  Thi-ii'  was  hIko 
trivuii  H  (lescriptiuii  of  u  collt^ction  "f  NoHli  Aiui'iii-an  iiiitii-nils.  A 
little  over  four  pagus  were  dcvot^'d  to  a  dcscrintioii  of  th»>  iiiiirhloN  of 
IVnnsylrania:  Connectu-ut;  Vermont;  Stock lirid^jo.  MaMsiicliusi'tts; 
iind  Thoiiiuston,  Muiiie,  the  desiTiptioiis  lK>itig  natiii-ally  limited  to 
s|M>4-iiiiftii»  und  not  to  their  (H-eiirreii<-e  in  Ihn  field. 

In  1822  Dr.  Thomai  C(M»p*T.  piesident  of  South  Carolina  foilfijrp. 
ptibliflhe<l  in  th«  Amori»iii  Joiirnul  of  Si^ience  an  article  of  nearly 
forty  piigPH,  trivinjT  bin  views  on  volcanoes  and  volcanic  snbstancps. 
_         „  Ho  delined  a  volnino  us  ii  nutunil  vent  in  the  cnift  of 

uma  Cmaetrai^  the  eaith,  made  hy  suhterraneim  tires  to  afford  exit 
for  jraMes.  vajjors,  and  solid  snhsttui<-es  that  bavo  t)ei'n 
expcwcd  to  thff  action  <if  intense  heat  in  the  l>i>welK  of  tlic  earth.  The 
sMit  of  the  voh-ano  he  believed  to  Iw  l>elow  or  within  the  oldest  ((nin- 
it4'.  In  action,  the  volcano  is  des<-rilHil  lis  ^ivin^  off  smoke  anil  Hume 
derived  from  <-ontuct  with  coal  stnita.  the  eruirtion  l>einjr  UMniilly 
ai-coiiiiunied  by  electric  liffl't-  the  .-wairce  of  wliich  he  ai-knowU^ijreit 
«f  problematioil.  (Vnn|>ared  with  all  tliis 
error,  hi;)  rectijtaition  as  kvas  of  ihc  jwr- 
phyries  in  the  vicinity  of  lloston  ami  the 
Triassic  tra)>s  of  the  easlern  I'niteii  Sijite> 
stiincU  out  in  reniarkuhic  contrast. 

<'o«)i>pr.  or  "Old  Coot,"  as  lie  whs  nilled 
dnrinfT  the  period  of  his  activity  at  the 
South,  !«eeiUM  to  have  been  a  tjncer  cliar- 
a<-ter-  "  a  learned,  iinfeniou>.  scientitic.  nnil 
talented  madcap,"  as  I'l-esident  .Vdam^-  is 
said  to  have  called  him.  He 
SfeMcfe  •)  Cippir.  was  not  a  ffeolofrisl.  except- 
ing ill  IxNiks.  but  mther  iin 
■■<liicator  and  theorist.  He  was  Ixn-n  in 
I»iulfin  Id  l7ait  and  iKliicatcd  at  Oxford, 

where  he  paid  chief  atti^ntion  1o  tlie  classi<-s,  Ihcni^ih  his  inclination 
wa:>  for  the  sciencei*.  He  came  to  .Vmorica  in  IT'-'.*!  ari<l  si-ttle<l  il<iwn 
for  a  time  to  the  prwttce  of  law  ttt  Northamplon.  I'ennoylvaiiia. 

A  n'Mtleiw.  aggressive  spirit  soon  t<Kik  him  into  liie  |HiIitical  Held. 
where  the  violence  of  his  iiews[i»[M'r  attacks  caused  him  at  otn-  (inie 
to  In-  impriMmed  for  six  nitmths  and  lin<-<l.  .\rtcr  hi-s  leleii-e  lie  was 
Hp|H>inted  lirst  land  commissioner  and  rhen  judge,  iM'ing  relinked 
from  the  latter  olfiw  for  arbitrary  coii.lui-l.  He  ihcii  turM<-d  liis 
■itlenlioii  to  rhemistry  aii<I  l>i'<iime  in  Hun  profeswu-  of  ihemi^try  in 
DickipMon  College  in  C'arlish-.  professor  of  rheniislry  ami  mim-ntlogy 
in  the  L'nt vanity  of  Pennsylvania  in  l*hihiilelpliia.  ami  indfcsM)r  of 
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cheuiistiy,  ininonilogy,  Dutural  pliilosophy,  and  law  (I)  in  the  Univer- 
sity of  Virginia.  At  tin*  last  named  place  In*  served  from  1817  to 
1820,  being  finally  forced  to  resign  on  account  of  the  opposition  to 
his  liberal  teachings  on  the  part  of  the  Presbyterians. 

From  Charlottesville  he  went  to  Columbia,  South  Carolina,  where 
ho  served  as  professor  of  chemistry  (1820-21)  and  then  as  president 
(1S21-1834),  l)eing  here  again  compelled  to  resign  for  his  violent  liber- 
alism in  matters  relating  to  science  and  religion.  Queerly  enough,  a 
committee  appointed  by  the  State  K^gislature  in  1881  to  investigate  his 
conduct  with  a  view  to  his  removal  failed  to  make  out  a  case,  and  the 
charges  were  dismissed.  His  tinal  undoing  would  seem  to  have  been 
parallel  with  that  of  the  sick  man  whose  case  his  physician  was  unable 
to  diagnose  specifically  and  the  record  of  whose  death  was  put  down 
to  ""^  general  cussedness."" 

Cooper,  as  above  noted,  was  not  a  geologist,  as  the  term  is  now 
used,  but  comes  in  for  recognition  here  on  account  of  the  prominent 
part  he  played  in  early  educational  movenient.s  relating  to  the  intro- 
duction of  the  science  in  the  universities.  It  was  through  his  influence 
that  the  chair  of  geology  at  the  South  (^irolina  College  was  established, 
to  which  Vanuxem  was  called  in  1821,  and  Le  Conte  in  1857.  At  the 
time  Cooper  assumed  th(»  reins  in  Colum})ia  geology  was  taught  at  no 
other  institution  in  America  except  Yah*,  and  the  only  available  text 
l)ooks  were  the  reprints  of  Bakewell-s  geologies  with  Sillinian^s  notes. 
To  the  latter,  on  account  of  the  acceptation  of  Mosaic  doctrines,  Cooper 
took  violent  exception,  and  attacked  them,  first  in  lectures  to  his 
classes  and  subseciuently  in  his  pamphlet  on  The  Connection  l)etween 
Geology  and  the  Pentateuch  (published  in  1883). 

A  man  of  powerful  intellect,  })ut  a  reckless  bus3"body.  Bold  and 
aggressive,  he  '•walked  roughshod  over  men's  opinions  and  suffered 
the  inevitable  consequences."  His  jx^rsonal  appenrance  must  have 
l)een  as  peculiar  as  his  conduct.  ''He  was  less  than  5  feet  high  and 
his  head  was  the  biggest  part  of  the  whole  man.  He  was  a  perfe<»t 
taper  from  the  si(h»  of  his  head  down  to  his  feet.  He  looked  like  a 
wedge  with  a  head  on  it,"'  is  the  way  it  is  expressed  by  one  of  his  old 
pupils. 

The  credulity  of  even  the  scientific  men  of  this  date  (1822)  can  not 
be  l>etter  illustrated  than  by  referring  to  an  account  by  Schoolcraft  of 
the  finding  of  supposed  human  footprints  in  limestone  belonging  to 

the  '"Secondary''  formation  (Lower  Carboniferous), 
lootprinuin  oil  the  wcst  bank  of  the  Mississippi  River  at  St.  Louis. 

liincstoiic,  1 822.  ^_|  nii*  /         /*  <  i  •ii 

Ihese  so-called  footprints  (seeng.  14)  were  described 
as  those  of  a  man,  standing  erect,  with  his  heels  drawn  in  and  his  toes 
turned  outward.  The  distance  between  the  heels  })v  accurate  measur- 
ment  was  0^  inches,  and  between  the  toes  13^  inches.  Attention  was 
called  to  the  fact  that  the  impr(\ssions  were  not  those  of  feet  accus- 
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turned  to  H  close  ebw.  the  toes  t)eing  too  much  spniid  aii<l  Ihe  foot 
ttiiltfiipfl.  The  length  of  the  foot  waw  lit*  iin-hes,  wiiilh  hci-omm  the 
sprviid  toes  4  inch(>«.  and  lit  th«  swell  of  ihc  heels  Sii  itu-lifs.  Public 
Httcntiori  was  Hrst  called  to  these  prints  liy  the  Rev.  Frederick  Kapp, 
the  head  of  the  religious  sect  "  Harmonites,''  who  had  them  removed 
to  his  village  of  Harmony,  and  who,  it  is  Maid,  taught  tliat  they  were 
the  irapreiwions  of  the  feet  of  the  Saviour. 

Awordingto  Schoolcriift,  every  appearance  warranted  the  conclu- 
sion that  the  impressions  were  made  at  a  time  when  the  r<Ktl<  was  soft 


k 
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enough  to  receive  them  l>y  prcssiiiv,  mid  the  murks  of  the  feel 
natural  and  genuine.  In  (his  opinion.  )ie  stilted,  (iovi-ruor  ( iw 
ihled.  He  kcknowledgttd.  however,  there  were  ditliiidlieT.  in  ih 
of  accepting  this  Udief,  and  ime  of  these  wiis  the  want  of  truck? 
ing  toand  from  tlteni.  lie  could  only  Hccoiml  for  this  on  the  > 
■(it ion  that  the  toe  prints  might  have  [K>inted  inland,  *'in  which  c 
-hoidd  tie  at  lilterty  (o  conjecture  that  the  |>er>on  making  tlie 
landed  from  tb«MiiMifMippi  ami  proceediil  no  farther  into  the  iuti 
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Col.  Thomas  H.  Benton,  of  Missouri,  to  whom  Schoolci'aft  wrote 
concerning  the  footprints,  differed  with  him  and  regarded  them  as 
artificial,  but  his  reasons  therefor  were  not  sufficient  to  convince 
Schoolcraft. 

The  matter  was  brought  up  again  by  David  Dale  Owen  in  1842 
in  an  article  entitled  Regarding  Human  Footprints  in  Solid  Lime- 
stone, which  appeared  in  the  American  Journal  of  Si»ienee  of  that 
date.  Owen  here  descriln^d  the  ap|)eanince  of.  tlie  tracks,  and  quoted 
the  opinions  of  Maclure,  Troost,  Say,  and  Lesueur  to  the  effect  tliat 
they  were  of  artificial  origin.  The  English  paleontologist,  Mantell, 
was,  however,  igclined  to  the  opinion  of  Schoolcraft.  Owen  himself 
n»garded  the  tracks  as  artificial  for  (Essentially  the  same  reasons  as 
those  advanced  hy  Benton,  to  the  effect  that,  first,  the  footprints  were 
not  continuous,  l»ut  isolated;  second,  this  was  l)ut  a  solitary  instance 
of  human  footprints  in  solid  limestone;  thii-d,  he  could  not  conceiv^e  of 
the  sudden  consolidation  of  compact  limestone  after  having  received, 
while  in  a  plastic  state,  such  impressions;  and,  last,  because  of  the  age, 
nature,  and  iK)sition  of  the  rock,  and  because  no  human  remains  had 
hitherto  }>een  discovered  in  any  similar  formation.  He  regarded  them 
as  having  been  carved  l>y  aborigines  with  stone  implements.  In  this 
he  was  dou}>tless  correct. 

Of  interest  at  this  time,  as  bearing  upon  the  subject  of  faulting  and 
displacement,  is  a  jmper  in  the  American  Journal  of  Science  by  D.  H. 
l^irnes,  containing  a  geological  section  of  the  Canaan  Mountains  in 

C!)onnecticut,  together  wMth  observations  on  the  soils 
^f«Jitin?f?822*      ^>f   t^^    region.     In    the   explanation  of   his  section, 

beginning  at  the  bottom,  the  l>eds  are  described  as 
(I)  clay  loam  with  bowlders;  (2)  transition  limestone;  (8)  white  quartz, 
grading  on  one  side  into  limestone  and  on  the  other  into  clay  slate; 
(4)  slate;  (5)  graywacke  slate.  The  stnita  then  repeat  themselves  in 
the  sjune  order,  the  graywacke  slate  forming  the  summit  of  the  knob. 
The  (Mitire  formation  is  described  as  appearing  "to  have  been  broken 
off  from  the  primitive  tract  on  the  east  of  it,  and  to  have  sunken 
down  about  one  thousand  feet  perpendicularly."  Regarding  the  beds 
and  their  associations  on  Hancock  Mountain,  he  concluded  that  the 
stnita  on  the  top  of  the  mountains  might  be  considered  as  origin- 
ally parts  of  the  same  bed  now  at  the  }»ase  of  Canaan  Mountain, 
whence  they  had  '*been  disrupt^nl  by  some  mighty  force,"  the  eastern 
part  remaining  firm,  while  the  western  settled  down  to  its  present 
position.  Referring  to  Maclure's  map,  he  found  that  the  two  forma- 
tions discussed  ''butt  against  each  other  in  a  line  nearly  straight  for 
more  than  300  miles."  This  he  accounted  for  by  supposing  ^^that 
some  mighty  convulsion  has  rent  asunder  the  continent  from  the  St 
Lawrence  to  the  ocean,"  though  what  this  force  may  have  been  he 
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left  for  others  to  decide.  He,  however,  thought  it  probable  that  it 
operated  from  beneath,  •'and  that,  after  it  had  opened  for  itself  a 
vent,  and  escaped  through  the  rift  ciiusL»d  by  its  action,  the  rock 
.strata  of  the  western  part  fell  into  the  cavity  which  had  previously 
contained  the  imprisoned  agent.  ^^ 

In  1828  Dr.  John  J.  Bigsby,  a  surgeon  of  the  British  army  sta- 
tioned in  Canada,  read  liefore  the  Geological  Society  of  London  a 
paper^  sulisequently  published  in  their  transactions,  on  the  fireology 

and  (Jeograph}'  of  Lake  Huron.  He  noted  that  the 
cSSm^tsS!^^*  roi^ks  of  the  north  shore  of  the  lake  were  mainly  primi- 
tive —granite,  gneiss,  }>asanite  -(juart?  rock,  conglom- 
erate, and  greenstone.  The  other  shores  were  doscri})ed  as  ()ccupie<l 
by  secondary  rocks,  frequently  fossil  if  ero  us,  which  he  regarded  as 
forming  part  of  an  immense  basin,  which,  ""exUMiding  prolmbh' 
without  interruption  from  the  soutlu^rn  shore  of  Lake  Winnipeg, 
spreads  itself  over  the  greater  part  of  lakes  Sup<»rior,  Huron,  and 
Simcoe,  the  whole  of  lakes  Michigan,  Krie,  and  Ontario,  nuich  of  the 
western  part  of  the  State  of  New  York,  the  whole  of  th(»  States  of 
Ohio,  Illinois,  Indiana,  and  Michigan,  and  the  rest  of  the  valley  of  the 
Mississippi.'*  On  Thessalon  Island  was  found  a  new  sp(H'ies  of  Ortho- 
t'0'ratiU^  which,  though  descril>ed  and  figured,  was  not  named.  Drum- 
mond  Island  yielde<l  also  corals  and  a  trilobite — Asuplmx  phitijc* phnlun. 
Naturally  no  attempt  was  made  to  determin«»  the  relativ(»  age  of  the 
rocks  bv  means  of  these  fossils. 

In  the  year  following.  Doctor  Bigsby  had  an  article  in  the  Annals 
of  the  LycfHim  of  Natural  History  (New  York)  on  the  geology  of 
Montreal.     He  described  the  lowest  rock  of  the  region  as  a  tnip  of  a 

kind  unique  in  the  Canadas,   and   illustrating    *"in  a 
STtiiBtil?*ioff'*^  bftRiitifiil  manner   the   affinity    existing   between  the 

formation  of  which  it  is  a  memlM'r  and  the  primitive 
class  in  general.'- 

A  horizontal  shell  limestone  of  a  bluish -black  color  he  noted  as 
forming  the  floor  of  the  plain  surrounding  the  hill  on  which  the  city 
stamla,  and  through  this  hilU  as  a  center,  the  (>a>sage  in  all  dinn^tions 
of  a  large  number  of  trap  dikes. 

The  sandatone  of  St.  Ann's  he  rightly  descril>ed  as  underlying  the 
limestone,  and  noted  the  presiMice  of  fossil  Ltmjiih*\  Trrthnitnht^ 
TrilMieH^  and  Orthot^enitite^t. 

In  the  consideration  of  the  sands  and  gravels  constituting  the  so- 
called  alluvial,  be  followed  the  trend  of  opinion  of  his  time,  regarding 
them  as  products  of  the  vast  inland  seas  which  sm'ceeded  the  deluge. 

The  coastal  plain  of  the  tiastern  Tnited  States,  which  up  to  this 
time  had  been  stadied  in  detail  onlv  bv  Maclure  and  H.  H.  Hav(h'n, 
was  in  1838  made  the  subjcH-t  of  a  sfXH-ial  esstiy  by  John  Finch,  thtMi 
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professor  of  ^eoloj»;y  and  mineralogy  in  Birmingham,  England.     This 

appears  to  have  been  the  first  attempt  at  a  suhdi- 

Flnch'i  Sutxliviilon       V  .  i?      i        rr.        •  i  .  ,       i     .  .         •  . 

of  the  Tertiary.         vision   of   the    lertiary  deposits   and   their  seientihc 

correhition,  and  Wiis,  beyond  question,  the  most  impor- 
tant contribution  to  the  stratigraphy  of  the  region  that  had  thus  far 
appeared. 

From  an  examination  of  all  available  data,  as  well  as  from  a  per- 
s(mal  inspection  of  a  part  of  the  area,  Finch  was  led  tx)  conclude  that 
this  formation,  as  existing  in  America,  wjus  identical  and  contempora- 
neous with  the  newer  Secondary  and  Tertiary  formations  of  Europe 
aiKl  other  countries. 

In  this  same  year  Finch  gave  also  a  short  sketch  of  the  geology  of 
the  country  near  Easton,  Pennsylvania,  his  paper  being  accompanied 
by  a  small  colored  map  and  catalogue  of  minerals.  According  to 
J.  P.  Lesley,  this  was  the  first  paper  on  the  geology  of  Pennsylvania 
to  appear  in  the  pages  of  the  American  Journal  of  Science. 

The  paper  on  the  coastal  plain ^  above  noted,  is  by  all  means  the 
most  important  of  Finch's  geological  publications,  though  in  the 
American  Journal  of  Science  for  1826  he  had  a  brief  "Memoir'' 
(3i  pages)  on  the  red-})rown  sandstones  of  the  Connecticut  Valley  and 
New  Jei*sey,  where  he  expressed  the  opinion  that  such  should  be  con- 
sidered as  })elonging  to  the  new-red  or  variegated  sandstones  of  Europe 
mther  than  to  the  old-red,  as  cont«mded  by  some.    In  this  he  was  right. 

In  1823,  too,  Denison  Olmsted,  ''a  Connecticut  school-teacher." 
was  authorized  by  the  president  of  the  State  board  of  agriculture  of 
North  Carolina  to  make  a  geological  survey  of  the  State.     This  act  is 

sometimes  referred  to  with  sectional  pride  as  l)einfif 

Olmited*!  Work  In        ,        .  ,  ,  ^        ^^^   ^  - 

North  Caroiina,         the  hrst  survcv  Undertaken  under  State  auspices. '' 

1823.  ' 

Olmsted's  first  report,  a  pamphlet  of  44  pages, 
appeared  under  date  of  1824  and  was  mainly  of  an  economic  character, 
dealing  only  with  the  distribution  in  the  State  of  such  substances  as 
graphite,  gold,  coal,  and  building  stones. 

His  second  rc»})ort  appeared  in  1827,  but  bore  on  the  title-page  the 
date  1S25.  He  naturally  dwelt  upon  the  agricultural  possibilities  of 
the  countrv  and  the  suitabilitv  of  its  limestones  and  marls  for  ferti- 
lizing  purpos(»s.     Some  space  was  devoted  to  the  great  slate  formation  * 

^'Thf  work  <»f  luiton  in  New  York  in  1H24  whh  the  firnt  Hufficiently  thorough  and 
svHtenjatie  survey  to  Ik.'  dignifie<i  At*  a  jjeologioal  Hurvey,  though  as  this  waa  done 
under  the  i)atn)nage  of  lion.  Stephen  Van  Renjfselaer,  it  van  not  \)e  consideretl  a 
puhli*-  survey.  To  MaH8iU!hu.'-etts  cre^lit  must  Ih»  given  for  the  first  geological  survey 
ma<le  at  tlie  ex|>ense  of  the  State,  the  same  )>eing  l)egun  under  the  direction  of  Rev. 
?>iwar(l  Hitehcoek  in  1H:U).     (See  j).  :K)7.) 

''01niste<l's  great  slate  formation  lies  west  of  and  {)arallel  with  the  freestone  coal 
formation  (Triassic)  oeeupying  more  or  less  of  the  eountit»s  of  Person,  Orange, 
Chatham,  Randolph,  Montgomery,  Cabarrus,  Anson,  and  Mecklenburg  and  corre- 
s|>onds,  therefore,  to  the  Iluronian  of  Kerr  an«l  rwent  workers. 
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mid  itx  iiii-luded  rocks  mid  iiiincralH.  Hi^  iiuted  tliut  tlic  "whole  sec- 
tion of  vuiintrv  from  tho  gruut  slate  foriiiation  to  the  Blue  Kidge"  is 
granitic,  <^«ntaiiiiiig  iiuim>ruus  subonlinate  formations,  such  as  mica- 
slate  and  greenstone,  with  Iwds  of  iron  ore,  etc.,  and  described  with 
some  detail  the  Natural  Wall  of  Kowan,  whi<:h  was  Hupiwsed  by  early 
ol>servers  (see  p.  2o5)  U>  be  the  work  of  tinman  hands,  but  which  he 
rightly  ascribed  to  the  natural  jointing  imd  decoin])osition  of  a  basic 
igneous  rock.  The  "peculiar  assemblagi^  of  roi-ks  that  i-ross  the  Dan 
Kiver  at  Buckingham  "  be  classed  as  transition. 

In  his  ''conclusion"  he  remarked  that  "the  rocks  arc  not, as  in  most 
other  countries,  particularly  New  England,  exposed  on  the  surface,  liut 
are  very  generally  concealed  by  a  thick  covering  of  clay  imd  sand." 
This  he  rightly  regarded  as  having  resulted  from  the  decomiK>sition  of 
the  rocks  themselves,  and  not  due  to  a  delugt!  of  waters,  ''as  might 
at  tirst  be  thought." 

Olmsted  was  not  primarily  an  investigator.  He  himself,  us  we  arc 
informed  by  his  biographer,  always  rcganled  it  as  his  more  appro- 
priate sphere  of  effort  not  so  nmch  to  culti- 
vate science  as  to  teach  and 
skatck ■! Of  rtiii.  diffuse  it.  Graduated  at 
Yale  in  1H18,  and  for  a  time 
employed  as  tutor  there,  he  in  1817  was 
appointed  to  the  chair  of  chemistry  in  the 
L'niversity  of  North  Carolina.  While  here 
he  conceived  the  idea  of  a  State  geological 
and  mineralogical  survey  and  laid  the  plan 
before  the  board  of  internal  improvements 
in  1821,  with  the  offer  to  himself  perform 
the  entire  work  gratuitously,  asking  only 
an  appropriation  of  $100  (to  be  uftorward^ 
renewed  or  not  at  the  pleasure  of  the  board), 
to  defray  his  necessary  expenses  in  travel  ing. 

This  propoeition  was,  however,  declined,"  only  to  Iw  renewed  a  year 
or  two  later,  with  the  result  that  in  1S23  the  as.-i<<nibly  uuthorlzi'd  (he 
board  of  agriculture  to  have  such  a  survey  made  and  ap|>n)pri»ted  the 
sum  of  $250  a  year,  for  a  period  of  four  years.  1o  carry  it  out.     The 

■Brfcning  bi  this  failure  tn  pecurc  iiwiHlaiii-e.  OliniittHl.  iiikIit  iIhIi-  <if  .Iiimuiry  li. 
IK2Z,  wmte  to  a  Irieml:  "But  the  L(t[ii>laturc  |Uic  Si'nuti',  1  im-aii)  Iihp.  it  ni'tnri, 
i«T«d  ni«  any  trout^on  their  account.  I,  howevi-r,  (ei'l  i]ii*<l  liit-hly  i^nililliil  ami 
KnatifHM-nongMl  at  the  haiulaome  manner  in  u  liii-h  my  iiniiHwillnn  whh  irculiil  liy 
the  Ri«nl  ■>[  ImprDVement;  and  then'wliniwi  witli  uhii-li  ilicnwilutiiin  uh><ii<Ii>{iU'>I 
tiy  Ihp  CutnnMitM  inapim  the  tio|>e  tlmt  noiiii^lliiiiK  may  yi'I  Ih'  Hd'omiilixlitil  ut  1U<- 
{■ublii-  pipeiMir.  Bat  my  feeltDfCH  an'  U»>  mm-lj  i[)hT<yti''l  in  ilii^  jirojiit  t<>  yifM  in 
tliiN  [ailurr;  I  hope  to  dii  ■nmetliiii|t  1>y  rny  nwii  cKt-rliotiH  tit-xl  mmiiin'r.  iiii'l  tniM 
the  Itnapitality  uf  the  people  of  the  Hlutc  will  make  aiiifmlH  U>t  my  |x>v<Tty.  [r  I 
an  lire  la*  I  think  I  can)  on  (lie  clwrily  i>f  tin-  {H-.>|>le,  I  •lim't  km.u  wliut  initl  I 
iliaUlMVWaf  llMpldlUciiMOey;  for  Mr.  M Mya  tie  will  leml  mca  horM-." 
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wurk  thus  iimii«^unitod  was  interrupted  in  1825  hv  his  c^ll  to  the 
professorship  of  niathenmtics  and  natural  philosopliy  in  Yale  C/ollege, 
})ut  was  taken  up  again  almost  innnodiately  b}^  Dr.  Klinha  Mitchell 
and  continued  for  two  years  longer  (see  p.  285). 

The  mental  })readth  of  Olmsted  is  shown  in  the  fact  that  while  occu- 
pying this  position  at  Yale  he  prepared  in  1831  a  two-volume  work  on 
natural  philosophy,  a  text-})ook  on  astronomy  in  1831>,  and  l>e<'ame 
well  known  throughout  the  seientitie  world  through  his  papers  on 
meteoric  showers  and  the  zodiacal  light. 

Of  his  pin'sonal  character  it  is  written: 

HiH  uniform  kindiieHs  and  courtesy  of  demeanor  and  patience  in  imparting  ingtruc- 
tion,  the  excellent  moral  infiuem*e  which  he  alwayn  exerted,  as  well  by  his  iX)nm8tent 
Chrintian  example  aw  by  hiH  i>er>«onal  eounsels,  the  genuine  friendliness  of  his  dispoei- 
tion,  and  the  unaffecte<l  interest  which  he  always  manifested  in  the  welfare  of  his 
pupils — especially  the  rea«liness  and  lideHty  with  which  he  encouraged  and  assisted 
any  who  exhibittMl  s{>€H'ial  fondness  for  the  stu«lies  of  his  de)>artment — will  not  soon 
Ih*  ft)rgotten  by  those  who  enjoyed  the  l)enetit  of  his  instructions,  and  esfieciiUly  by 
those  who  were  admitte<i  to  his  closer  friendship. 

In  this  same  year  Edward  Hitchcock  published  in  the  American 
Journal  of  Science  a  sketch  of  the  geology,  mineralogy,  and  scenery 
of  the  regions  contiguous  to  the  Connecticut  River,  the  same  being 

accompanied  bv  a  colored  ideological  map  embracing: 

Hitchcock'f  Qcolozy  i  -^  nor  n 

of  the  Region  an  area  some  30  miles  broad  by  150  miles  in  lencrth. 

Contisuoos  to  the        ^,  ,      .  i      i        ./..<•   ^i  i 

Connecticut  River.     Ihe  coloHug  and  classincation  of  the  rocks  were  not 

1823. 

strictl}'  Wernerian,  as  might  have  been  expected,  but 
an  attempt  w  as  made  ••'  to  give  every  particular  rock  that  position  and 
extent  on  the  map  which  it  acttially  occupies  on  the  earth's  surface/' 
The  paper  was  devot(»d  mainly  to  a  discussion  of  the  lithological  nature 
and  geogmphic  distribution  of  the  various  rocks,  which  were  classed 
as  gninit(»,  gneiss,  hornl)lende  slate,  mica  slate,  talcose  slate,  chlorite, 
syenite,  primitive  green  slate,  argillite,  limestone,  verd-antique,  old- 
red  sandstone,  scH'ondai-y  greenstone,  coal  formation,  and  alluvion. 
Incidentally  he*  discussed  their  possible  origin  and  relationship. 

The  granite  he  described  as  occurring  in  l>eds,  and  regarded  it  as 
primitive,  along  with  the  gneiss,  mica  slate,  and  the  greenstone  to 
the  west  of  New  Haven,  while  that  to  the  north  and  east  was  thought 
to  be  secondary.  The  argillite  was  also  regarded  as  primitive,  on  the 
ground  of  its  l)eing  highly  inclined  and  destitute  of  organic  remains. 
The  red-}>rown  sandstone  now  known  to  be  of  Triassic  age  he  con- 
sidered as  the  old-red  saridstone  of  Werner  and  Cleaveland,  but  dis- 
cussed th(»  ix)ssibility  of  a  part  of  it,  as  at  Chatham  and  Middletown, 
belonging  to  the  coal  formation. 

He  chronicled  the  tinding  in  this  sandstone  at  Deertield  of  petrifac- 
tions lx»longing  to  the  genus  phytolit*'  and  to  the  species  Ugnite^%xA 
agreeing  with  the  petrifactions  found  in  theCatskill  red  sandstones  by 
Eaton  and  referred  to  **the  tribe  of  Naked  Vermes."     Fossil  bones  of 
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ail  animal  8onie  5  feet  in  length  were  also  mentioned  as  having  been 
found  in  this  sandstone  at  East  Windsor/' 

The  year  following  Prof,  (.hester  Dewey  came  forward  with  a  paper 
in  the  same  journal,  A  Sketch  of  the  Geology  and  the  Mineralogy 
of  the  Western  Part  of  Massachusetts.  This  was  likewise  accom- 
i>ew«yoatbe  pftnled  by  a  hand-colored  geological  map  designed  as  a 

mSmSmmtS^^'^  continuation  of  Hitchcock's  and  carrying  the  field  of 
'•*••  observation  as  far  west  as  the  Hudson  River. 

Working  from  the  Hudson  River  eastward,  he  found  a  belt  of  ti*ansi- 
tion  argillite  succeeded  by  a  broad  belt  of  graywacke  with  included 
areas  of  the  argillite;  this  followed  by  another  continuous  Ix^lt  of  the 
same,  and  then  one  of  transition  limestone  and  a  narrow  one  of  primi- 
tive argillaceous  slate  directly  along  the  ])order  lino  of  New  York  and 
Massachusetts.  Bej'ond  this,  in  Massachusetts,  a  broad  l>elt  of  prim- 
itive limestone  with  included  areas  of  mica  slate,  (piartz  rock,  and 
transition  shell  and  compact  limestone,  which  still  faither  to  the  east 
lKH!ame  the  predominant  rock,  with  a  narrow  area  of  gneiss,  a  small 
one  of  granite,  and  one  of  talcose  slate. 

The  most  pretentious  piece  of  fieldwork  accomplished  by  Amos 
I*jiton  was  that  done  under  the  direction  of  the  Hon.  Stephen  Van 
R«*nsselaer  in  1824,  and  comprised  a  geological  and  agricultural  survey 

of  the  district  adjoining  the  Erie  Canal.  The  result^ 
the  BrtoCMMi,         of  this  survev  were  published  in  a  quarto  volum*'  of 

163  pages,  which  was  accompanied  by  a  geological  sec- 
tion extending  from  Albany  to  Lake  Erie,  and  one  by  Edward  Hitch- 
cock from  I^oston  to  Plainfield,  the  two  combined  enabling  Eaton  to 
give  a  continuous  section  all  the  way  from  I^ike  Erie  to  the  Atlantic 
(K*ean  at  Boston  Harbor. 

To  judge  from  the  introductory  n^marks  in  this  report,  P^aton  had 
lH*on  accused  of  a  dis|)ositi(m  to  create  new  names.  He.  therefore, 
here  announced  that  he  had  made  use  of  F^uropean  names,  so  far  as 
(M»H.Mble,  but  had  found  at  least  tive  distinct  and  continuous  strata, 
none  of  which  could,  with  any  propriety,  take  a  name  givc^i  in  any 
European  treatise  which  had  thus  far  reached  this  country. 

He  found  along  the  line  of  the  canal  rocks  l>elonging  to  the  prim- 
itive, tran,Hition,  and  secondary  series.  All  thes<*  wen*  described  in 
(*<>nsidenible  detail,  but  almost  whollv  with  reference  to  th<*ir  litho- 
h»gical  features.  When  fossils  occurn»d,  such  were  not^nl,  but  were 
not  utilized  as  aids  to  correlation. 

Tlie  pre>*alent  ideas  on  chemical  geology  are  wi»ll  brought  out  in 
(vrtain  parts  of  his  discussion.  H«»  n»cognized  the  fact  that  many  of 
the  vallevs  were  excavat4Hi  in  the  softer  and  more  solubh*  rocks,  like 

" ThrM*  liiMMSB  were  at  fintt  thought  t«t  U*  |M>M4il>l>  hinnan.  \mx  th**  tiii<liii^  <>f  (>\  i 
tlrfMTaof  ataitat  lMi0t  5  feet  in  length  cHiifi^l  th«' HUtn<loiiiiiciit  nt  thi- itlfu!     (Aiimt- 
ican  Joufnal  of  Meoce,  III,  ltK.>l,  p.  247.; 
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limestone,  and  that  carlx)ni('  acid  holds  its  base  (the  lime)  with  a  tenure 
more  feeble  than  that  of  the  common  acids;  consequently  he  argued 
that  when  muriatic,  sulphuric,  or  nitric  acid  comes  in  contact  with 
limestone,  it  is  immediately  decomposed. 

We  have  vast  quantitien  of  muriate  of  linie  in  our  wells,  springs,  etc.,  which  i^  a 
very  soluble  salt.  If  nature  hai?  now,  or  formerly  had,  any  method  for  present- 
ing large  quantities  of  muriatic  acid  to  the  lime  rocks,  they  would  of  course  be 
re<luced  to  that  soluble  salt  with  great  rapidity.  Lime  rocks  would  be  rapidly  dis- 
solved, leaving  valleys  between  those  rocks  which  are  subject  to  the  ordinarj'  disin- 
tegrating agents  only.  The  valleys  of  Adams,  Williamstown,  Little  Hoosick,  etc, 
which  are  situated  on  limestone,  could  then  1k»  satisfactorily  explained.  If  the  com- 
mon opinion  that  the  ocean  has  stood  over  our  continent  be  received  as  true,  we 
have  only  to  a<id  one  more  conjecture  to  make  out  the  requisite  supply  of  muriatic 
acid;  that  is,  we  nmst  supjwse  that  the  ocean  at  that  time  contained  an  excess  of 
that  aci«l. 

.  In  spite  of  iidmonitions  by  Van  Rensselaer,  Eaton  insisted  in  indulg- 
injr  in  a  theorizing  pro|)ensity,  although  he  would  not  acknowledge  it 
by  this  name,  claiming  that  he  but  traced  ^'a  few  of  nature's  footsteps 
where  the  impressions  still  remain  entire."  Finding  large  and  small 
masses  of  what  he  designated  as  calciferous  sandstone,  metalliferous 
limestone,  and  graywacke,  which  properly  overlie  the  slate,  actually, 
as  he  thought,  eml)edded  in  it,  where  the  rocks  were  exposed,  as  at 
Cohoes  Falls,  he  would  argue  that  these  masses  fell  in  between  the 
slate  lamiuic  while  the  latter  were  in  a  .semi -indurated  state. 

Fiaton  noted  the  probable  difference  in  age  between  the  red  sand- 
stones of  the  C'Onnecticut  Valley  and  of  the  Cabskill  Mountains,  which 
latter  he  rightly  considered  to  belong  to  the  old-red  or  Devonian  forma- 
tions. In  discussing  the  Saliferous  rock  occurring  near  Little  Falk 
and  extending  to  the  west  end  of  Lake  Ontario  in  upper  Canada,  and  its 
economic  importance,  he  was  disposed  to  argue  that  the  brine  springs 
issuing  from  the  same  were  what  he  called  '•the  daily  productions  of 
nature's  la})oratorv."  ''We  see/'  he  wrote,  '"the  sulphur  in  iron 
pyrites  taking  oxygen  from  water,  and  thereby  becoming  sulphuric 
acid;  wc*  then  see  it  uniting  with  magnesia,  which  is  diffused  in  rocks, 
and  thus  forming  Epsom  salts.  *  *  *  We  are  all  familiar,  too, 
with  the  prix'ess  of  nature  by  which  alum  and  copperas  are  made. 
Why  may  we  not  suppose  that  tlie  two  constituents  of  common  salt 
(muriatic  acid  and  soda)  are  in  some  state  of  combination  in  the  rocks 
of  the  salt  district,  and  that  by  some  of  those  double  decompositions 
with  which  nature  is  perfecth'  familiar  salt  is  produced  in  the  liquid 
state  i  May  not  this  be  the  cause  of  the  superior  saltness  of  the  brine 
springs  of  Salina  over  those  foreign  springs  which  are  supposed  to 
proceed  from  the  solution  of  rock  salt  I '" 

It  was  in  this  work  that  E^ton  introduced  the  name  "Calciferous 
slate "  to  designate  the  slaty  rock  associated  with  gypsum  and  shell 


AMERICAN    GEOLOGY EATONTAN    ERA,   1820-1829.  271 

limestone  occurring  as  the  principal  rock  forming  the  ridge  south  of 
the  land  from  Oneida  Creek  to  Pittsford.^ 

The  naturalist  Rafinesque,  as  might  have  been  expected,  did  not 
hesitate  to  express  himself  on  subjects  geological,  his  ideas,  however, 
being  a  strange  admixture  of  Wernerism  and  groundless  imagery. 

We  will  note  here  only  his  Annals  of  Kentucky,  which 
i«S!T  *'***"**'"**  appeared  in  Humphry's  history-  of  that  State,  pul)- 

lished  in  1824,  where,  as  Doctor  Peters  has  succinctly 
remarked,  ''  In  only  26  duodecimo  pages  he  gives  the  geological,  eth- 
nological, and  historic*al  annals  of  Kentucky  from  the  tirst  day  of 
creation,  according  to  Moses,  down  to  the  current  year." 

The  geological  history  of  the  State  he  divided  into  six  periods,  the 
first  l>eing  that  of  a  general  inundation,  in  which  the  '*•  briny  ocean 
covers  the  whole  land  of  Kentucky  and  the  United  States,  rising  above 
4JJ<)<J  feet  over  the  Cumlierland  or  Sawioto  Mountains  and  5,U00  feet 
over  the  limestone  region  near  Lexington."*'  The  Organ  and  Mexican 
mountains  alone  in  all  North  America  rose  alH)ve  the  water  level. 

Through  a  gradual  decrease  of  the  ocean  and  the  decomiK)sition  and 
consolidation  of  its  waters  the  various  rock  strata  were  deposited  in 
the  following  order:  (1)  Limestone;  (2)  slate;  (8)  sandstone;  (4)  free- 
stone; (5)  grit;  (6)  pebblastone.  These,  he  stated,  were  not  always 
.HU perineum l>ent  or  coexistent,  though  generally  horizontal  except  the 
Ia.st  four  toward  the  Cumberland  Mountains,  which,  having  probably 
a  granitic  nucleus,  have  compelled  the  incumbent  strata  to  Iwcome 
** obliqual"*  or  inclined  from  ten  to  thirty  degrees.  (In  this,  it  will 
he  noted,  he  showed  an  inability,  chamcteristic  in  his  day,  to  com- 

"The  following  reference  to  thw  nurvey  apiKjannl  in  the  American  Jcmrnal  of 
Science,  IX,  1825,  and  will  nerve  to  nhow  how  ^Jiton'H  work  wjb*  rcj^nh^l  hy  his 
<-r>ntenipormne8.  The  note,  it  nhouM  be  Htate<l,  wan  sij^ne<l  C  D.  (pn^suniably 
Chei«ter  Dewey) : 

•*Mr.  Jeffrey,  the  principal  <'on<luctor  of  the  F>lin)mrgh  Review,  has  obtained  the 
opinion  of  Profewor  Bucklan<l,  the  ivlehrate*!  author  of  the  I\ilit/ui:i  DUuruinu 
dmhlifiheil  in  1823),  on  the  alx)ve  work  of  Professor  t^ton.  In  a  letter  to  the  Hon. 
S.  Van  Kenft«elaer  Mr.  Jeffrey  has  jfiven  the  rt*sult.  Mr.  Biickland  says  that  the 
*auth<»rf«eni0  both  to  understand  his  subject  and  to  have  <lone  his  work  can*fully.' 
The  work  containa,  indee<l,  abundant  evidence  of  extensive  and  patient  examination. 
Thin  pi>int  will  not  beaffecteil  by  the  adoption  or  reje<'tion  of  Mr.  baton's  |HM-uliar 
viewii  by  our  geohigiata.  In  some  jiarts  there  is  an  evident  improvement  u|M»n  some 
of  hit*  previoua  [>ubli<mtionM  on  the  );eolo);y  of  our  country.  Thus,  at  {»a^e  M  and 
|iaiee  H2  and  onward  we  find  intnxluced  'primitive  ar^illite,'  a  rock  so  clearly  S4'|»a- 
rmte«i  and  i^  easily  dit^inKtiiahed  in  our  country  fmm  'transition  ar>;inite/  though 
liolh  are  nnited  under  the  name  name  by  Bakewell  and  some  others. 

*'Mr.  Bockland  makesi  w>me  objection  to  the  Mtjle,  and  complains  of  Mr.  F^ton  for 
'aflea'tini;  aocne  needleae  novelties  in  t<H'hnieal  lanj^ua^'.*  However  true  this 
rharire  niay  be,  the  cenmirt*  is  feeble  when  comi>an»<l  with  the  commendation  con- 
tainrff  in  the  previoua  <|Uotation.  In  our  country  the  work  has  Uvn  ('ensunul  for 
tUi*  fault,  and  more  particularly  for  the  intrfMluction  <»f  rocks  or  ItMiiliti*^  which  do 
not  belong  to  the  diatrict  which  it*  de^tcrilieil.     In  this  way  unity  is  nc»t  pn^servtHl. 
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prehcnd  tlie  otfect  of  sulmequent  uplift  in  tilting  rock  strata.)  By 
the  oiK^mtion  of  suhiimrinc  volcanoes  during  this  period  the  strata  of 
coal,  day,  and  amygdaloid  were  formed  and  intermixed  at  various 
intermittent  times  with  the  other  strata. 

During  the  second  period  the  CumlK^rland  Mountains  emerged  fruni 
the  sea^  the  waters  of  which  sank  to  a  level  of  1,60<)  feet  above  tho* 
of  to-day.  The  formation  of  the  schistose  rocks  proceeded,  vegetation 
l>eji;an,  and  streams  lK»gan  to  flow. 

During  the  third  ])eriod  the  level  of  the  water  was  reduced  to  1,1W 
feet  and  all  the  table-lands  and  highlands  of  Kentucky  became  uncov- 
ered. An  inland  sea  still  covered  the  Ohio  limestone  basin,  extendin^r 
from  the  actual  mouth  of  S<'iota  lliver  to  that  of  Salt  River.  Lind 
animals,  insects,  reptiles,  birds,  and  ((uadru|)eds  were  created  during 
this  p4»riod. 

During  the  fourth  period  the  level  of  the  sea  was  reduced  to  7ih) 
feet,  and  the  limestone  sea  of  Kentuckv  drained.  Alluviums  and 
bottoms  began  to  form  in  the  valleys  and  gulfs  by  the  attrition  of  the 
strata  and  soil  conveyeil  and  dejKJsited  by  the  streams.  Sinks  and 
caves  in  the  limestone  region  were  formed.  Lastly,  Adam  appeared 
in  the  (iarden  of  Kden.  This  fourth  jwriod  of  Kentucky*  history 
th(Tebv  answered  to  the  sixth  day  of  the  general  creation. 

The  tifth  iKM'iod  was  that  of  Xoah's  flood,  though  Ratinesque 
acknowlcnlged  he  failed  to  lind  anv  tnices  of  such  a  violent  convulnion 
in  Kentucky.  Tlu*  (wean,  which  still  Imthed  its  western  corner,  sub- 
sided to  alM)ut  .*i<M)  f(»ct   alcove  its  ])resent  level  and  abandoned  Ken- 

uikI  the  roiitinuity  nt  lUv  ilcscriptinn  in  luiich  iiitorniptiHi.  We  do  not  object  to  tliw 
in  that  j)art  of  tht*  work  fiititl«Ml  Mit'iieral  DcsiTiptionn  of  North  American  Kucki</ 
though  some  have  said  that  these  can  hanlly  lM*lon};,  in  a  ireneral  view,  to  the  ditf- 
trirt  of  tlie  eanal.  Hut  in  the  *  Deseription  of  RM'ks  in  thv  vicinity  of  the  Erio 
('anal,'  pa^re  17,  the  fault  often  oeeui>.  We  mention  the  aif^oiint  of  the  homblend** 
roeks  near  West  Point.  pat:er>*:  of  jrranular  ipiartz,  {taf^n^  5<>,  57;  of  granular  Hiiu- 
stone,  paL!es  ^u,  oS.  an<l  many  others  which  are  not  I'ouihI  near  the  line  of  the  canal. 
"If  the  work  shoulil  pass  to  n  second  e<lition,  which  in  hi^hlv  proliahle,  aii<l  even 
n'n<lere<l  somewhat  nei'essary  to  make  it  as  complete  as  theHu)ise<|Uent  exaininationi* 
of  Profe>s«>r  F«aton  enahle  him  to  do.  and  as  tlie  lij^ht  thrown  on  themibjectof  the 
newer  formations  hy  the  very  ahle  work  of  ('onyU*an*  and  Phillipa  on  the  <ieolog) 
of  Kn^land  and  Wah^s  seems  to  nnjuire,  we  wouhl  sujof**»*t  as  an  iiH/trttt'emntt  of  thr 
work  that  the  notices  of  riM'ks  which  are  not  found  along  the  line  <if  the  I'anal  Ik* 
omitte<|  in  thi>  part  of  the  work,  or  he  !"e<lneed  to  the  han*  nMnark  that  they  do  net 
occur  in  the  district,  and  that  the  remarks  and  localiti(>s  of  nN'kn  in  other  ])artHof 
the  country  he  taken  from  the  text  and  put  into  form  of  notes,  in  thia  way  the 
continuity  of  geological  description  of  the  country  along  the  canal  will  ))e  unbroken. 
We  think  no  one  can  read  the  work  without  lN>ing  S4>nsihle  of  itH  interest  and 
inifMirtance  to  every  one  who  exannnes  the  riM-ks  of  this  tiistrict.  The  localities  are 
given  with  much  ])n'ciHion,  and  the  traveler  is  enaliUnl  at  once  to  ai*certain  the 
rocks  intended  h\  the  names  which  l*rofes>*or  K.  has  gi\en  them.  It  were  to  1k» 
wished  that  tin*  common  nomenclature  of  the  r<K-ks  had  iM'en  altere*!  with  a  more 
s|»aring  hand." 
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tucky  forever.  Strata  began  to  consolidate,  ponds  and  marshes 
decreaftied.  animals  multiplied,  and  vegetation  overspread  the  soil. 

The  sixth  period,  that  of  Peleg's  flood,  was  one  of  catastrophe. 
Great  volcanic  eruptions  in  Europe  and  America,  with  awful  earth- 
quakes convulsed  the  Atlantic  Ocean.  During  this  period  the  Atlantic 
land  disappeared  leaving  only  the  volcanic  islands — Azores,  Madeira, 
Canary,  and  Cape  Verde — to  mark  its  position. 

It  will  ]ye  remembered  that  in  1793  Benjamin  De  Witt  noted  the 
l^rreat  diversity  among  the  bowlders  along  the  shore  of  Lake  Ontario 
and  recognized  the  fact  that  such  must  have  been  conveyed  there  by 

some  extraordinarv  means.     The  means  conceived  of 


Tattoo  on  tbe  bv  De  Witt  Were  indeed  extraordinarv  and  nothinyf 

less  than  a  "mighty  convulsion  of  nature."  Peter 
Dobson,  a  Conne<?ticut  cotton  manufacturer,  writing  thirty-two  years 
later,  jshowed  himself  a  better  observer  and  more  gifted  in  ])owers  of 
deduction. 

In  a  letter  to  Benjamin  Silliman,  dated  November  21,  1825,''  Dobson 
described  bowlders  which  were  unearthed  at  Vernon,  Connecticut, 
while  excavating  preliminary  to  the  erection  of  a  cotton  factory,  as 
*'worn  smooth  on  their  under  side  as  if  done  by  their  having  been 
clragged  over  rocks  and  gravelly  earth  in  one  steady  position."  They 
also  showed  scratches  and  furrows  on  the  abraded  parts.  He  could 
account  for  these  appearances  only  by  calling  in  the  aid  of  ice  along 
with  water,  the  blocks  having  been  worn  by  })eing  suspended  and 
carried  in  ice  over  ro<'ks  and  earth  under  water. 

These  observations  seem  to  have  attracted  no  attention  at  the  time, 
and  even  Edward  Hitchcock,  thirteen  vears  later,  attached  no  serious 
importance  to  them,  although  his  attention  was  called  to  the  matt<M*  by 
another  letter  from  Dobson,  this  time  addressed  to  Hitchcock  himself. 
In  this  second  letter,  written  in  1838,  Dobson  described  the  bowlders  as 
having  l)een  first  rounded  b}'  attrition  and  then  worn  flat  on  one  side 
b}"  a  motion  that  kept  them  in  one  relative  position,  as  a  ])lane  slides 
over  a  board  in  the  act  of  planing.  8ome  of  them  he  describes  as 
worn  and  scratched  so  plainly  that  there  was  no  dithculty  in  pointing 
out  which  side  was  foremost  in  the  act  of  wearing,  a  projecting  bit  of 
quartz  or  feldspar  protecting  the  softer  material  behind  it.  In  this 
letter  he  again  announced  his  inability  to  account  for  these  appeanmces 
except  on  the  supposition  that  the  boulders  had  been  enveloped  in  ice 
and  moved  forward  over  the  sea  V>ottom  bv  currents  of  water.  The 
drifting  icebergs  ofl'  the  Ljibrador  coast  he  thought  might  well 
illustrate  the  conditions  and  methods  of  their  production. 

Perhaps  it  may  have  \)een  because  Dobson  was  a  cotton  manufac- 
turer and  not  a  member  of  the  learned  profession,  or  t\wvc  niiiy  have 
_  —  —      _    .  —  • 

^This  may  be  found  in  American  Journal  of  Science,  X,  ls2<i. 
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been  other  reasons  for  it,  but  Hitdicock  allowed  the  observations  to 
pass  unnoticed  until  1842  when  the  subject  was  brought  up  by 
no  less  an  authorit}^  than  Murchison,  in  his  anniversary'  address  before 
the  Geological  Society'  of  London.  *^I  take  leave  of  the  glacial 
theory/'  said  Murchison,  '"in  congmtulating  American  science  in 
having  {possessed  the  original  author  of  the  best  glacial  theory,  though 
his  name  has  escaped  notice,  and  in  recommending  to  you  the  terse 
argument  of  Peter  Dobson,  a  previous  acquaintance  with  which  might 
have  saved  volumes  of  disputation  on  both  sides  of  the  Atlantic.''" 
Supported  b}^  this  somewhat  enthusiastic  indorsement,  Hitchcock  then 
gave  the  letter  to  the  public  through  the  American  Journal  of  Science,* 
though  at  the  same  time  remarking  that  he  had  himself  derived  his 
ideas  concerning  the  joint  action  of  ice  and  water  from  the  writings 
of  Sir  James  Hall. 

April  25,  1823,  Maj.  S.  H.  I^ong  received  orders  from  the  War 
Department  to  make  an  expedition  for  a  general  survey  of  the  coun- 
try in  the  vicinity  of  the  Great  Lakes  and  the  sources  of  the  Missis- 
sippi; to  prepare  a  topographic  description  of  the 
expedition,  same:  to  ascertain  the  latitude  and  longfitude  of  all 

the  remarkable  points;  to  investigate  its  productions, 
animal,  vegetable,  and  mineral,  and  to  inquire  into  the  characteristics 
and  customs  of  the  Indians.  The  route  of  the  expedition  (see  map, 
tig.  16)  beginning  at  Philadelphia,  was  through  Wheeling,  West  Vir- 
ginia, to  Chicago  by  way  of  Fort  Wayne;  thence  to  Fort  Crawford  and 
up  the  Mississippi  to  Fort  St.  Anthony,  and  the  source  of  the  St. 
Peters  River;  thence  to  the  [X)int  of  intersection  between  Red  River 
and  the  fort} -ninth  degree  of  north  latitude;  along  the  northern  bound- 
ary of  the  United  States  to  Lake  Superior,  and  thence  homew^ard  by 
the  Great  Lakes. 

Although  not  intended  primarily  as  a  scientific  survey,  it  was  accom- 
panied by  Thomas  Say,  zoologist,  and  William  H.  Keating,  minemlo- 
gist.  It  was  expected  that  Dr.  P^dwin  James,  who  with  Say  had  been 
a  member  of  the  expedition  of  1819-20,  would  \)e  a  member  of  this 
also,  but  through  failure  to  connect  with  the  party  at  Wheeling  or 
Columbus  the  expedition  was  deprived  of  his  services. 

An  account  of  this  survey,  under  the  title  of  Narrative  of  an 
Expedition  to  the  Sources  of  St.  Peters  River,  etc.,  was  prepared  by 
William  H.  Keating  and  published  in  two  volumes  in  London  in  1825. 
Keating,  it  should  be  noted,  was  professor  of  mineralog}'  and  chemis- 
try as  aj)plied  to  the  arts  in  the  Tniversity  of  Pennsylvania,  and 
though  his  published  notes  contain  little  or  nothing  along  the  broad 
lines  of  geology,  they  are  full  of  references  which,  at  the  time  they 
w^ere  written,  were  of  value. 


ff  Aiinivt'rsiiry  address,  Proceedings  of  the  (ieological  Society  of  London,  1842. 
^Volume  XLVI,  1844. 
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He  remarked  on  the  (iisappearatice  of  the  primitive  rocks  s<K>n  after 
esvin^  Philadelphia  and  the  appearance  of  the  transition  limestone, 


with  <ic(-»sii>na1  pi-otruwionH  through  this  limestone  of  iiniphilxilite. 
He  als<)  made  reference  to  the  ivd  sandstone  of  Pcnn-^ylviinia.  Now 
Jerney,  aod  Maryland  and  the  ealcareoas  breccia  found  on  the  Potomac 
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River.  The  occurrence  of  a  white  marble  near  Hagerstown  and  a 
secondary  blue  limestone  in  the  vicinity  of  Cumberland  was  noted,  and 
some  attention  given  to  the  coal  formations  in  the  vicinity  of  Cumber- 
land and  Wheeling.  He  noted  further. the  occurrence  of  a  limestone 
containing  organic  remains  lying  in  a  nearly  horizontal  position  in  the 
v^icinity  of  Chicago,  but  no  superposition  being  visible,  he  was  unable 
to  determine  its  relative  age. 

Concerning  the  lead  ores  at  Dubuque,  and  their  apparent  occur- 
rence only  in  the  alluvial  soil,  he  wrote: 

From  the  specimens  which  we  have  seen,  *  *  ♦  we  can  not  hesitate  in  assert- 
in>r  it  ai*  our  opinion  that  no  lead  has  yet  been  discovered  on  the  Merrim^  or  Miss- 
iHHipi>i  in  njetalHferous  limestones,  but  that  wherever  it  has  been  found  it  has  always 
])een  in  an  alluvium  and  never  in  regular  veins  or  be<ls,  nor  even  in  mafises  which 
might  l)e  (ronsideretl  as  coeval  with  the  Hul)stances  in  which  they  are  embedded. 

The  Cambrian  sandstone  found  between  the  Wassemon  and  the  Wis- 
consin rivers  he  regarded  as  not  older  than  the  variegated  or  Bunter 
HancUtehi  of  Werner  (Triassic),  and  the  Lower  Silurian  limestone  which 
lies  above  the  sandstone,  as  corresponding  to  the  English  Lias.  The 
whole  region  comprising  the  headwaters  of  the  Winnipeek  River  was 
looked  upon  as  having  been  at  a  comparatively  recent  period  an 
immense  lake  interspersed  with  innumerable  barren,  rocky  islands, 
which  had  been  dmined  by  the  bursting  of  the  barriers  which  tided 
back  the  waters.  The  innumerable  bowlders  which  he  found  covering 
the  valley  were  regarded,  as  were  similar  bowlders  in  other  places  by 
his  contemporaries,  as  due  to  the  flood  of  waters  caused  by  the  bursting 
of  these  natui*al  dams. 

This  was  plainly  a  recognition  of  the  extinct  glacial  Lake  Agassis, 
laU^r  described  by  Lieut,  (i.  K.  Warren,"  and  the  history  of  which  was 
worked  out  in  detail  by  Warren  Uphain. 

Keating's  ide^is  as  to  the  possi})le  development  of  the  mining  industry 
were  not  of  the  most  advanced  type.  Referring  to  the  subject  of  the 
supj)osed  source  of  the  native  copper  reported  by  Schoolcraft  (p.  244), 
he  wrote: 

The  question  which  apiHjars  to  us  of  far  greater  importance  is  not  where  the  copper 
lies,  but  what  shall  we  do  with  it  if  it  should  be  found.  We  are  very  doubtful 
whether  any  other  advantage  would  result  from  it,  at  least  for  a  century  to  come, 
than  the  mere  addition  in  lx>oks  of  science  of  a  new  locality  of  this  metal. 

This  in  18251  The  development  of  the  Michigan  copper  mines 
began  about  1855,  and  up  to  1889  the  combined  mines  had  produced 
over  l,0()0,(XMj,(><K)  pounds  of  the  refined  metal.  The  output  for  1889 
alone  amounted  to  87,455,f)75  pounds. 

In  a  Notice  of  Snake  Hill  and  Saratoga  Lake  and  its  Environs,  by 
Dr.  J.  11.  Steel,  in   the  Amerii'an  Journal  of  Science  for  this  same 
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i^  li{rure<i  and  descril>e<l  what  is  evidently  an  overturned  fold. 
U  of  interest,  since  while  the  nature  of  the  fold  wa.'S  partially 

realized,  the  means  ))v  which  it  wa:s  brought  about  wa» 
mtdFvu*.      considered  tm  problematical.     Similar  phenomena  bad 

been  noted  by  Eaton  (p.  '253)  and  by  Maclure.  but  with 
ig  like  as  much  detail.     The  writer  sayp;: 

im|MH«<ihie  to  examine  thiH  lixality  without  Iteiog  stningly  inipreaswi  with  the 
hat  the  |ioeitioa  whioli  the  xtrata  here  aHsiiine  cutil<t  nut  linve  beon  cffei-tt^ 
otiier  way  than  by  a  powfr  oiwratinii  (roni  lieiieatli  ii[iw 


iBHeeennjf  a  progreenive  font-,  w 
ig  up  of  the  itx'  of  lariK  rivers, 
atinutfl  Rwellinti;  of  the  ntreaui 


niethini;  iinalnj^iiu'  t<i  what  laktw  place  in  the 


the 


of  ii 


mirface,  and  having  elevattnl 
L  certain  extent,  it  iH  forcfil 
vertii'si  iwsition,  or  thrown 
xin  till-  unbniken  rtralnin  U'- 
ly  the  pn^treHMve  p<)Wer  of  thi' 

can  lie aiiraitted  that  theoi)er- 
[  auch  a  puwer  illd  produce  tlie 
lere  repc«<enteil.  it  iiiiuit  liave 
place  tiefore  the  ntaleriali'  »f 
the  formation  ii<  eompor«d  hail 

into  an  indurated  slate,  an 
f  the  strata  remain  unbroken, 
■here  the  arKJIlit*  has  c^nnii- 
way,  the  i'ur\'e<l  jart  <if  the 
icke  may  be  taken  ont  entire, 
ne  of  them,  wliich  1  ui>w  have 

poweaeion,  exhibit  indenta- 
nd  protuberanceH,  partiitularly 
ir  curved  eurfaceti,  evidently 
alt  of  friction  wliile  in  a  ptax- 


%^ 


Fi.i.  17.— Sections  0 


t  description  is  of  still  f  ur- 

□terest  historically,  when 

lered  in  conne<'tion  with 

.spute  relating  to  priority  of  discovery  which  later  anwc.  I>etween 

■s.  Hitchcock  and  Rogers.     (See  p.  314.) 

!  fact  that  rock  strata  were  not  always  found  lying  even  approx- 

ly  horizontal  had  l>een  often  noted,  but  no  rational  explanation 

sted  or,  indeed,  attempted.     In  that  year,  however,  Maclure,  in 

noting  the  fact  that  the  Transition  rocks  dip, su^e.sted 
vadFsida.      the  [ws-sibiUtj  of   its  being  caused   by  their  having 

been   '"disposed  on  the   primitive,  concerning  which 
n  ari  yet  scarce  conjecture  anything," 
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Tlie  appearance  in  l)ook  form  of  Prof.  Jeremiah  Van  Keusselaer's 
lectures  on  geolog-y,  as  delivered  before  the  New  York  Athenjieum  in 
is^;"),  orives  us  an  opportunity  of  judginj^  of  the  condition  of  science 

at  that  date,  sucli  as  was  offered  a  few  years  earlier  by 

Van  Rensselaer's  ^i  . 

Lectures  on  Qeoioffy.  MitcDill  s  Observations. 

1825. 

Van  Rensselaer  was  not  so  nmch  an  original  invest! 
j^ator  as  a  student  and  teacher;  hence  the  inference  is  fair  that  his 
work  gives  us  a  sunmiary  of  existing  knowledge  nither  than  the  details 
of  his  own  observations  or  his  individual  views.  He  reviewed  the 
opinions  of  the  cosmogonists  and  theorists  from  Burnett,  in  1680, 
down  to  Werner  and  Hutton,  and  referred  to  the  work  of  his  prede- 
cessors and  contemporaries  in  America,  summing  up  with  conclu- 
sions condensed  from  Cuvier\s  Observations,  to  the  effect  that,  first, 
the  sea  had,  at  one  period  or  other,  not  only  covered  all  our  plains,  but 
remained  there  for  a  long  time  in  a  state  of  tranquillity;  second,  that 
there  had  been  at  least  one  change  in  the  basin  of  the  sea  which  pre- 
ceded the  present  one;  third,  that  the  particular  portions  of  the  earth 
which  the  sea  had  abandoned  by  its  last  retreat  had  been  laid  dry  once 
before  and  had  at  that  time  produced  quadrupeds,  birds,  plants,  and 
all  kinds  of  terrestrial  productions;  and  that  it  had  been  reinundated  by 
the  sea,  which  had  since  retired  and  left  it  to  the  possession  of  its  own 
proper  inhabitants.  These  facts,  which  had  been  proven  through 
geological  evidence,  he  regarded  as  supporting  the  ac*counts  of  Moses, 
both  agreeing,  first,  in  the  prevalence  over  everything  else  of  water 
at  the  time  of  the  creation;  second,  in  the  subsequent  separation  of 
the  land  from  the  water;  and,  third,  in  the  eruption  of  the  sea  over  the 
continent,  the  last  corresponding  to  the  Noachian  deluge. 

Van  Rensselaer  recognized  the  value  of  fossils  in  proving  the  iden- 
tity of  geological  horizons,  also  the  fact  that  orgjinic  remains  have 
been  deposited  in  successive  generations  and  in  such  order  that  those 
of  one  bed  bear  a  certain  connection  to  each  other  and  exhibit  certain 
distinctive  points  differentiating  them  from  those  of  earlier  or  later 
deposits,  and  that  the  greater  the  distance  between  the  deposits  the 
greater  the  difference  b(»tween  the  contained  fossils.  This,  I  believe, 
is  the  second  recognition  by  an  American  author  of  a  now  well-estab- 
lished principle. 

The  tendency  to  make  sweeping  generalizations  founded  upon  purely 
local  observations  is  noticeable  in  his  writings,  as  in  those  of  many  of 
his  contemporaries.     Thus,  in  describing  the  gneiss: 

It  is  the  next  ro<*k  to  granite  and  occurs  resting  or  lying  upon  it.  When  they  are 
l)oth  seen  in  tlie  same  mountain  its  le<lge  is  always  the  lower  of  the  two.  Mountains 
of  gneiss  are  seldom  wj  steep  as  those  of  granite,  and  the  Bummits  are  not  quite  80 
peaked. 


AMERICAN    GEOLOGY EATONIAN    ERA,    1820-1829.  279 

Or,  at'-aiii,  in  writing  on  the  weathering  of  rocks: 

• 

The  (lecoi  1 1  {Munition  of  jfraiiiteis  slow  and  when  «Um<>iii|km<4*<I  tlie  unfrit*ii(llyHiHceous 
^rain.^^an*  easily  wai*he<l  away.  There  in  neither  vegerahh*  nor  animal  matter  in  the 
«H>iii|M>nn(l;  it  <loe?4  not  al)»orh  moisture,  h^ttin^  tl»e  moisture  j)ercolat«,  nor  <loes  it 
retain  heat  The  soil  matle  from  gneiss  is  not  washe<l  away  so  easily,  and  the  mica 
yields  more  andllaceous  matter.  ♦  ♦  ♦  Micaceous  schist  an<l  argillite  decompose 
more  rapidly  and  form  a  better,  though  not  a  good,  soil.  *  *  *  The  rivers  of 
primary  districts  have  rocky  beds  and  precipitous  hanks,  etc. 

Van  Rensselaer  was  one  of  the  first  to  recognize  the  necessity  of 
exercising  care  in  the  selection  of  stones  for  building  purposes: 

We  take  our  materials  because  they  are  near  at  hand,  because  they  are  cheap,  and 
bec-ause  others  have  taken  the  same,  in  preference  to  searching  out  others  which 
*  *  *  are  more  durable.  Scarcely  any  one  building  in  Kurojx?  or  America  of 
m«Mieni  construction  at  the  end  of  one  thousand  years  will  have  one  stone  left  upon 
another  stone  to  denote  the  place  where  it  stooil,  and  the  most  splendid  works  of 
nuniem  archite<*turt^  are  even  now  hastening  to  decay  from  want  of  attention  to  this 
subject. 

His  remarks  on  anthracite  coal  otfer  an  interesting  illustmtion  of  a 
disposition,  still  Ux)  frequently  met  with,  to  make  the  observed  facts 
conform  to  preconceived  opinions.  Anthracite  or  native  mineral  car- 
!x>n,  or  "*  blind  coal,"*  he  wrote,  is  not  regarded,  sti'ictly  speaking,  as  a 
coal,  though  combustible. 

It  txx'urs  in  the  primary  rocks,  and  hence  it  is  obvious  that  it  did  not  proceed  from 
the  decomix)eition  of  vegetable  substances,  since  it  is  generally  acknowledged  that 
the  primary  rocks  were  formed  previous  to  the  existence  of  vegetation. 

An  anal^^tical  key  or  a  synopsis,  given  with  a  view  of  facilitating 
the  study  of  geology,  is  of  particular  interest,  since  the  methods  of 
modem  petrography  have  shown  how  absolutely  imj>ossible  it  is  to 
cla.s3if  \'  rocks  by  a  simple  examination  of  the  hand  specimen  and  with- 
out the  aid  of  a  microscope.  It  is  difficult  to  imagine  a  student  in 
other  than  a  thorough  state  of  mental  demoralization  who  should 
attempt  to  identify  and  classify  rocks  from  such  a  description,  an 
abstract  of  which  is  given  below: 

SYNOPSIS  OF  THE  OVERLYING  OR  SCPERINCUMBENT  Rr)€KS. 

FIRST  DIVISION. 

Simple,  or  apparently  so. 

A.  Wacke,  of  the  (iennan  sch<jol.  Resemhles  indurated  clay,  with  an  even  and 
smooth  earthy,  or  an  uneven,  somewhat  granular  fracture,  and  a  shining  streak. 

a.  Compact. 

h.  Cellular;  but  generally  in  that  case  i>artly  aniygdaloidal  and  ap[»ertaining  to 
another  division. 

B.  Indurated  clay,  more  or  less  hanl,  with  an  earthy  and  <hill  frarture. 
a.  Compact. 

This  is  different  from  the  ferruginoun  days  found  often  with  the  trap  rm-ks,  whirh 
paj«  into  jasper. 
6.  Cellular. 
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<»ut  of  tho  n»acli  of  our  s^Misrs  niul  cjiii  bi*  uccounttMl  oiilv  as  aimis<>- 
iii*»iit"  for  the  pres4»nt. 

Ill  182t)  there  ap|)eare(l  a  Manual  of  Mineralogy  and  (ieolo^y. 
designed  for  the  use  of  schools  and  for  persons  attending  lectures  on 
these  subjects,  as  also  a  convenient  |K)cket  companion  for  travelers  in 

the  United  States  of  America,  the  same  })einff  fiom 
of  wirrtipr  — d     the  pen  of  Dr.  Kbenezer  Knunons,  destined  later  to 

ilMlacy,  1836.  ^  . 

act  a  verv  imj)ortant  part  in  American  ^eoloj^ical  his- 
tory, but  at  that  time  newlv  iri-achiated  from  the  Renssehu»r  Polvtechnic 
Institute  at  Trov,  New  York. 

Knimons  at  first  studied,  and  later  practiced,  medicine,  hut  in  182s 
renjoved  to  Willianistown,  where  lu»  had  been  ap|K)intcd  lecturer  on 
chemistrT.  During  the  years  1S8()-IS87  he  also  served  as  junior  pro- 
fescM>r  in  the  Rensselaer  Institute,  and  in  ls8()  was  a])pointe(l  one  of 
the  four  geologists  of  the  New  York  State  survey.  In  liS42  he*  became 
ciLstodian  of  the  State  collections  at  Albany,  and  in  ls4o  eugii^ed  in 
investigations  relating  to  the  aj^ricultunil  resources  <>f  the  State,  the 
n^ultsof  which  were  published  during  the  i)«'riod  1.S4«»- 1854  in  the  form 
of  live  quarto  volumes.  In  IS.51  he  was  apjxjinted  State  geoloj^ist  of 
North  Carolina,  a  position  which  he  rettiined  until  the  tiiiK*  <»f  his  death. 

As  noted  elsewhere,  Kmmons,  durinj^  his  work  on  tin*  New  York 
State  Burvej',  became  involved  in  a  discussion  n^lativc*  to  the  so-called 
"Taconic  System,'^  which  histiKl  for  nearly  half  a  century  and  which 
undoubtedl}'  seriously  em})ittered  the  latt<»r  days  of  his  life.  The  dis- 
pute, indeed,  became  at  times  so  hai*sh  that  Kmm<»ns  was  ])ractically 
ostracized  by  the  scientific  fraternity. 

In  1851  he  published  a  pretentious  volume  on  North  American  geol- 
ogy, and,  in  connection  with  his  work  in  North  Carolina,  two  volumes 
on  the  agriculture  and  g<H>Iogy  of  the  Stnte.  He  died  during  the  pt*riod 
of  the  civil  war,  and  his  ])apers  and  notes  are  said  to  have  become 
lost  in  the  unsettled  condition  of  the  eountrv  which  followed. 

It  is  impossible  hen^  to  go  into  adistuission  of  the  true  m<*rit>of  the 
Taconic  controversv,  and  the  matter  i?^  resi»rved  for  a  sepanit*'  clia])- 
U-r.  Hundreds  of  pages  of  printed  matter  have  Immmi  published,  cov- 
ering a  period  of  nearly  fifty  year^,  but  the  name  ha>  now  <iisap|M'an'd 
fn>m  the  maps  and  is  only  of  histori<*al  interest. 

Knimons^s  Manual,  to  whi(*h  reference  is  alM)ve  ma(h',  and  which,  a> 
«>tated  in  the  title  pagi*,  wh>  ii<lopte<l  as  a  text -book  at  the  Kf>ns«^<'laer 
M'bool  at  Troy,  was  a  small  duoch'cimo  volume  of  *JHo  patri*^.  It  had 
th«*  distinction,  so  far  as  tin*  minemlotrlral  part  was  concerned,  of 
Ipi'ing  the  siHNmd  treati^e  of  it^  kin<l  written  by  an  American  and  f<>r 
Anierican  students,  lieiiig  preceded  only  by  ('leavchuKf*^  Mincralotr\. 
published  in  IHIH.  In  geology  it  >^a^  pre<'cd«'d  Ky  the  work*^  of 
Ch-aveland  in  1^16  and  Katon  in  Isls. 
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In  Eiiiinons's  work  the  ininemls  were  all  included  in  four  classes, 
with  an  appendix  which  contained  those  minerals  of  which  but  little 
is  known.  The  classes  were  sulxlivided,  as  Cleaveland  and  others  had 
done  1>efore  him,  into  orders,  the  orders  a^^in  into  genera,  and  the 
genera  finally  into  species.  His  arrangement  of  classes  was,  how- 
ever, somewhat  different  from  any  of  his  predecessors.  Thus,  the 
tirst  class  included  those  minerals,  not  metallic,  which  are  oxidable  or 
which  are  compounds  whose  bases  are  oxidable.  It  comprised  native 
gases  and  licjuids,  sulphur  and  carbon,  and  the  carbon  compounds, 
but,  singularly  enough,  no  mention  was  made  of  graphite. 

The  second  class  included  all  minerals  which  are  metallic  or  whose 
lyases  are  metallic;  the  third  class  all  those  which  consist  of  an 
alkaline  or  earth}'  base  in  combination  with  acids,  and  the  fourth 
those  which  consist  of  an  earth  or  are  compounds  of  earths  with 
variable  portions  of  alkaline  and  metallic  oxides.  In  the  seven  sec- 
tions into  which  this  last  class  was  divided  he  placed  quartz  in  all  its 
varieties,  siliceous  slate,  pumice,  obsidian,  clinkstone,  a  large  numln'r 
of  hydrous  and  anhydrous  silicates,  argillite,  wacke,  clay,  phosphates, 
otv.  But  little  attention  was  given  to  crystallography,  and  '^silex, 
alumnie,  and  lime  are  considered  as  the  oldest  of  the  earths,  as  they 
enter  into  the  composition  of  the  primitive  rocks."  Altogether  297 
species  were  recognized,  44  of  which  were  mentioned  in  the  appendix 
as  little  known.  Many  of  these,  such  as  pumice,  obsidian,  wacke, 
etc.,  can  not,  of  course,  be  properly  considered  as  minerals.  In  spite 
of  this  unintentional  exaggeration,  it  is  interesting,  for  purposes  of 
comparison,  to  note  that  in  the  latest  edition  of  Dana's  Mineralogy 
(1S*)2)  824  species  w^ere  recognized. 

The  part  of  Emmons's  work  devoted  to  geology  was  made  up  mainly 
of  a  '"general  description  of  North  American  rocks.''  The  classifica- 
tion adopted  was  the  same  as  that  used  by  Eaton  and  need  not  be  noted 
here  further  than  to  say  that  he  included  an  argillite  among  his  primi- 
tive as  well  as  transition  rocks,  while  P^aton  limited  argillite  to  the  tran- 
sition series,  though  recognizing  the  possibility  of  a  primitive  form. 

Among  the  early  workers  in  stratigraphic  g^^ology,  along  lines  laid 
down  by  Cuvier,  Hrongniart,  and  their  successors,  mention  must  be 
made  of  (lerard  Troost,  born  in  Holland  in  177(>  and  dying  in  Nash- 
ville, Tennessee,  in  lsr)<L     Like  man}'  naturalists  of 
Work!  TSib"**  ^^^^  t'nui'  Troost  was  a  physician.     He  studied  in  France: 

was  appointed  by  the  King  of  Holland  to  accompany, 
in  a  scientific  capacity,  a  naval  expedition  to  Japan.  He  was  captured 
and  imprisoned  by  English  privateei*s,  finally'  returning  to  Paris.  He 
thence  took  passage  for  New  York  in  an  American  vessel  and  was  again 
C4iptured,  this  time  by  a  Freilch  privateer,  and  once  more  imprisoned. 
On  his  release  he  went  again  to  Paris,  was  again  allowed  to  embark, 
and  in  1810  came  to  Philadelphia. 
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When  the  Philadelphia  Academy  of  Sciences  was  established  in  1812 
\iv  hecanie  it^  first  president,  holding  the  office  for  five  years,  when 
h(»  was  succeeded  bv  William  Maclure.  Troost,  with  Owen,  Mad u re. 
and  others,  joined  the  communistic  society  at  New  Harmony,  Indiana, 
in  1825,  but  removed  to  Nashville,  Tennessee,  in  1S27,  and  the  fol- 
lomng  year  was  elected  professor  of  chemistry,  geology,  and  miner- 
rilogy  in  the  university  of  that  city.  In  1831  he  became  State  geol- 
o^iBt,  holding  the  office  till  183?>,  when  it  was  abolished.  Nine  reports 
were  made  during  his  time,  but  seven  of  which  were  published.  Prior 
to  going  to  Tennesseee  his  most  importiint  geological  work  was  a  survey 
of  the  region  about  Philadelphia,  the  same  l)eing  done  and  the  results 
published  in  1826  under  the  patronage  of  the  Societ}'  for  the  Promo- 
tion of  Agriculture. 

The  work  comprised  forty  small  octavo  pages  with  a  colored  map 
of  the  region  included  within  a  half  circle  north  of  the  Delaware 
River,  having  a  radius  extending  a  little  beyond  Chester,  i.  e.,  some 
174^  miles.  As  may  be  readilv  supposed,  fully  three-fourths  the  area 
WEd  colored  as  gneiss,  with  narrower  bands  extending  in  a  genenil 
way  parallel  with  the  river;  in  the  northern  part,  of  primitive  clay- 
slate  and  of  limestone.  Between  the  gneiss  and  clay-slate  was  a  short, 
narrow  belt  of  serpentine,  and  l)etween  the  clay-slate  and  limestone  one 
of  eurite,  and  in  the  extreme  northeastern  portion  of  the  sheet  a  band 
of  transition  graywacke.  Among  the  varieties  of  rocks  mentioned, 
in  addition  to  those  enumerated  and  comprising  subordinate  forma- 
tions, are  diabase  and  pegmatite.  The  eurite  was  described  as  occur- 
ring north  of  the  high  ridge  which  separates  the  limestone  from  the 
granitic  rocks  and  as  l)eing  in  every  respect  similar  to  that  of  Penig, 
on  the  Erzgebirge.  '^I  was  delighted,'"  he  wrote,  *" at  meeting  this 
rock  for  the  first  time  on  this  side  of  the  Atlantic.  I  imagined  m\  self 
transported  to  the  Erzgebirge,  in  Saxony,  and  remembered  with 
renewed  pleasure  the  father  of  geology,  who  made  us  ac(juainted  with 
it."  More  than  half  of  the  paper  was  given  up  to  a  discussion  of  the 
physical  and  chemical  properties  of  the  soil,  as  might  be  expected 
when  its  date  and  the  auspices  under  which  the  work  was  done  are 
taken  into  consideration. 

In  the  Boston  Journal  of  Philosophy  for  the  same  year  the  ill-starred 
Prof.  J.  W.  Webster  gave  a  somew^hat  detailed  account  of  the  geology 
of  Boston  and  vicinity,  describing  the  three  hills,  to  which  *'  Boston 

owes  its  ancient  name  and  so  much  of  its  pictun»s(jue 


0ftiwOeoinnr  about  beauty,"  as  l>eing  composed  mainly  of  hard,  compact 

clay  with  gravel  and  bowlders.  Amister's  Hill  was 
descril>ed  as  composed  largely  of  clay -slate,  passing  on  the  north  into 
hornblende  slate,  the  latter  containing  veins  of  "'greenstone;"  and 
Prospect  Hill,  in  part  of  a  greenish  compact  feldspar,  which  ]>asses 
into  clay-slate,  covered  toward  its   northwest  extremit}'  by  a  mass 
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of  tmp.  ^^This  liill,"  ho  wrote,  "''exhibits  that  j^entle  acclivity  and 
rounded  suujuiit  so  common  in  the  transition  formations  of  the  Wer- 
nerian  school." 

The  Medford  trap  (diabase)  he  noted  as  beiii^  unfit  for  architectural 
purposes,  owing  to  its  rapid  disintegration,  a  fact  which  has  been 
many  times  commented  upon  in  more  recent  years.  The  tendency' 
manifested  by  the  *' greenstone''  as  a  whole  to  exfoliate  in  bowlder 
forms  with  concentric  structure,  he  correctly  ascribed  to  weathering, 
jis  did  Gibson  writing  several  years  earlier  (p.  254). 

He  noted  the  occurrence  of  abundant  joints  in  the  conglomerate  of 
Dorchester,  but  considered  such  as  inexplicable  with  the  geological 
information  then  available.  An  interesting  light  is  thrown  upon  the 
lack  of  knowledge  of  the  chemical  composition  of  rocks  at  that  time 
in  the  continuation  of  his  paper  the  following  year,  in  which  he 
described  this  conglomerate — a  highly  siliceous  roc»k — as  passing  into 
the  overlying  mela])hyr,  a  basic  igneous  rock.  In  several  places* 
within  the  town  of  Brighton  he  thought  to  note  the  transition  from 
one  rock  type  to  another." 

In  the  American  Journal  of  Science  for  1827  Alanson  Nash  pre- 
sented his  tirst,  last,  and  only  geological  paper  that  seems  to  have 
found  its  way  into  print — this  relating  to  the  lead  mines  and  veins  of 

Hampshire  County,  Massachusetts — and  offered  some 

FormliSoir*i'8:&^*'"  interesting  speculations  as  to  their  origin. 

That  they  were  not  once  open  fissures  filled  from 
alK)ve,  the  fissures  themselves  l)eing  formed  by  the  unequal  subsidence 
of  the  earth's  crust  or  through  shrinkage  caused  by  desiccation,  accord 
ing  to  the  Neptunian  theory,  was  to  him  evident  for  the  following 
reasons:  If  the  cavities  were  formed  bv  desiccation  and  subsidence  the 
veins  would  l)e  widest  at  the  surface  and  narrow  as  they  descend, 
whereas,  in  fact,  the  very  reverse  is  the  case.  If  filled  from  above  by 
mineral  solutions  which  covered  the  globe,  then  he  thought  we  ought 
to  find  beds  of  metallic  matter  in  the  valleys  and  plains  also.  Neither 
was  ho  dis|X)sed  to  accept  the  views  of  the  Plutonists,  who  regarded 
the  veins  as  filled  by  '"an  injection  from  a  fiery  furnace  below."  Rather 
would  he  look  upon  them  as  contemporaneous  both  in  formation  and 
filling  with  the  rocks  in  which  they  occur,  l)eing  analogous  to  the 
granite  veins  of  the  same  region.  That  the  vein  material  did  not 
adhere  firmly  to  the  wall  rock,  as  is  the  case  with  the  granite  veins, 

"This  deceptive  apiK^arance,  it  may  be  Htatinl,  is  due  to  the  fact  that  the  melaphyr 
at  the  time  of  itn  extrussion  was  in  a  highly  liipiid  condition  and  flowing  out  over  the 
uneven  surface  of  tlie  conglomerate  filknl  in  all  the  inetjualities,  so  cloeely  welding 
itwlf  as  to  form  what  was  apparently  one  and  the  same  mans.  When  subsequent 
erosion  cut  away  a  cr»nsi(lerable  portion  of  both  rocks  the  appearance  of  isolated 
patches  of  melaphyr  here  and  there  on  the  erodtnl  surfat»e  of  the  iX>ngIomerate  wa^ 
ijuite  misleading.  Some  more  recent  observers  have  since  committcvl  the  same 
blunder  of  observation  and  faultv  deduction  with  far  less  excuse. 
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wa."  to  him  no  ar^rument  against  this  view.     '"  In  one  case  tlic  vi'in  is 
lapideous.  in  the  other  it  i:^  metallic:  they  are  ditfercnt." 

Aci   has  been  already   noted.  OlmstedV  work   in   N'ofth   Carolina 

was  (Tontinued  after  his  resignation  hy  Prof.    Klisha  Mitchell,  who 

was  tntDsferred  from  the  rhair  of  nuitbeniatics  to  that  of  chemistry, 

mineralogy.   an<l  geology   at   the  time  of   Olmsted's 

wSS!wJM«^       resignation. 

Like  Olmsted,  Mit<;bell  was  horn  in  Connecticut  and 
graduated  at  Yale,  going  to  North  Carolina  alMjut  the  same  time  as  did 
the  former.  He  was  known  as  a  man  of  great  culture  and  cnidition, 
but  had  manifested  no  indii^tions  of  a  particular  leaning  toward  geol- 
ogy until  the  transfer  above  noted,  and  to-day  his  fame  probably  rests'* 
mon'  upon  his  knowledge  of  the  physical  geography  and  Imtany  of 
North  C'Broliua  than  of  it«  geology.  He  wa.s 
an  enthusiastic  explorer  and  collector,  and, 
as  is  well  known,  finally  lost  his  life  on  Black. 
now  Mitchell,  Mountain  in  1857, 

His  two  most  important  {lapers  on  geology 
were  published  in  18ii«  and  IH2H.  the  tirwt 
n'latinj;  to  the  origin  of  the  low  country  of 
North  Carolina  and  the  second  to  the  geology 
of  the  gold  regions.  In  184'2  lie  published 
a  summary  of  his  work  in  the  form  of  n 
text-book  for  his  classes,  accompanied  by  ;i 
Mniall  geologU«l  map  of  the  State,  the  only 
map  of  its  kind  thus  far  preimred.  A  re- 
port on  tfa«  mineralogy  of  the  State  was 
alfio  prepared  by  hix  assistant,  C.  K.  Kothe. 
of  tiazony,  in  1827.  A  geoh>giral  map  of  the  east4<ni  half  of  the 
State  was  Haid  to  have  been  made,  but  never  ]>ublished. 

Hiti'hell,  in  his  paper  on  the  origin  of  the  low  i-ountry,  took  the 
ground  that  the  variouK  strata  there  found  were  formed  in  the  l>cd  of 
the  wa  and  became  dry  land  through  the  dejiression  of  th<'  level  of  the 
ocean  or  the  elevation  of  the  land  hy  ii  force  ojM'riititig  from  lieiioath. 
The  shelb  found  by  him  in  th&ie  InhU  proved,  in  his  judgment,  that 
they  were  of  comparatively  recent  origin,  but  just  how  recent  he  was 
iKit  pre|»red  to  say.  The  presence  of  lK>nos  of  elephants  and  niasto- 
■  liins.  however,  indicated  to  his  mind  an  elevation  prior  to  the  .Noachian 
drlug«.  to  which  catastrophe  he  evidently  attributed  their  burial. 


-ElWm  MilrhHI 
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In  1829  Mitchell  published  in  the  American  Journal  of  Science  an 
article  in  which  he  threw  doubt  upon  the  statements  and  theories  of 
Olmsted  and  Rothe  regarding  the  origin  and  occurrence  of  gold  in  the 

State.     It  will  be  remembered  that  Olmsted  considered 

Mitchell's CfitlcUm       ,  •  i    .       «        t-      ..     i     .       .i  >     i    ^         .t 

ofoimsted and  Rothe,  the  fcTold  to  be  limited  to  the  area  occupied  bv  the 

1829. 

argillite,  while  Rothe  considered  granite  as  the  base 
of  the  gold-bearing  formations.  Olmsted  further  argued  that  the  gold 
occurred  in  the  diluvial  formation,  while  Rothe  believed  that  the  gold 
now  found  in  the  alluvial  was  derived  from  veins  and  spread  over  the 
countrv  by  a  tlood  of  waters  breaking  through  the  Blue  Ridge  and 
rushing  in  torrents  over  the  entire  gold-bearing  region.^ 

MitchelTs  idea,  which  is  undoubtedl}"  the  correct  one,  was  that  the 
gold  occurred  originall}^  in  veins  and  perhaps  in  part  disseminated 
throughout  the  country  rock,  which  was  in  itself  in  part  primitive  and 
in  part  secondary'.  From  these  rocks  it  was  set  free  through  atmos- 
pheric decomposition  and  subsequently  distributed  by  gravity  and 
running  water. 

MitchelFs  paper  is  of  further  interest  in  that  it  contains  a  colored 
geological  map  of  the  gold  region,  the  rocks  being  classified  as  primi- 
tive, transition  or  slate,  old-red  sandstone,  and  alluvium. 

Although  the  day  of  the  cosmogonist  was  fast  drifting  into  the 
obscurity  of  the  past,  there  were,  nevertheless,  occasional  writers 
who  still  preferred  to  ignore  facts  of  observation  or  the  efficiency  of 

simple  causes  and  to  seek  for  more  difficult  or  more 
SfBrtftVi^S.*'"      mystical  methods  of  accounting  for  phenomena  than 

those  furnished  by  the  observation  of  processes  now 
in  action.  Thus  Benjamin  Tappan,  in  discussing  the  bowlders  of  prim- 
itive and  tmnsition  rock  found  in  Ohio  (glacial  erratics),  objected  to  the 
commonly  accepted  idea  that  such  were  necessarily  foreign  to  the  local- 
ity, brought  by  currents  of  water  or  floating  ice  in  immense  inland  lakes. 
He  frankly  acknowledged,  however,  his  own  inability  to  account  for 
their  presence,  but  ingenuously  claimed  that  "ignorance  is  preferable 
to  error,"  and  added:  '^  It  may  therefore  be  asked  why  may  not  these 
rocks  have  been  created  where  they  are  now  found?"  Or,  "Again, 
why  may  they  not  have  been  thrown  out  b}^  earthquakes  or  volcanoes  if " 

Groping  though  this  writer  may  have  been,  it  is  questionable  if  his 
ignorance  were  not  prefemble  to  the  kind  of  knowledge  manifested 
b}^  a  writer  (signature  "A")  in  the  American  Journal  of  Science  of 
two  years  ])revious,  who  would  account  for  the  drift  on  the  supposition 
that  the  earth's  revolution,  amounting  to  1,500  feet  a  second,  was 
suddenly  checked.     This,  he  thought,  would  result  in  the  whole  mass 


^' Rothe  had  previoiwly  (1826)  expresned  the  idea  that  the  gold  was  derive<l  from 
the  burptinjj  ai^under  of  the  gold-bearing  veinH  by  Hubterranean  exploHions  and  tlie 
gold  thus  wattered  over  the  adjacent  regions,  some  of  it  being  carried  down  in  the 
water  courses. 
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of  tho  surface  water  rushing  forward  with  iiiconceivablo  velocity, 
until  overcome  by  opposing  obstacles  or  exhausted  by  continual  fric- 
tion and  the  counterbalancing  power  of  gravitation.  The  Pacific 
C)c«»n  would  thus  rush  over  the  Andes  and  the  Alleghenies  into  the 
Atlantic,  which  would  in  the  meantime  be  sweeping  over  Eurojw, 
Asia,  and  Africa.  **A  few  hours  would  cov(»r  the  entire  surface  of 
the  earth,  excepting,  perhaps,  the  vicinity  of  the  poles,  with  one 
rushing  torrent,  in  which  the  fragments  of  disint(»grated  rock,  earth, 
and  8and  would  be  carried  along  with  the  wreck  of  animal  and  vege- 
table life  in  one  all  but  liquid  mass.'* 

The  period  that  may  with  propriety  l>e  called  the  dark  age  of  geol- 
ogy was  that  prior  to  the  discovery  and  g(»n(»ral  n^cognition  of  (hc» 
value  of   fossils  in  stratigraphy — the  fact  that  tlie   relative  age  or 

stratigraphic  seciuence  of  sedimentary  rocks  could  ))e 
•*      determined  by  means  of  the  plant  and  animal  remains 
they  may  contain. 

According  to  Dr.  Archibald  (leikie,  in  his  Foundei-s  of  (leology, 
cnnJit  must  be  given  to  the  Abbe  (liraud-Soulavie  for  having  first 
plante<l  the  seeds  of  stratigraphic  geology.  In  a  piper  read  before 
the  Ko^'al  Academy  of  Scientists  in  Paris  in  August,  177i»,  Soulavie 
(l«*s<'ril)ed  the  calcareous  mountains  Vivarais  as  made  up  of  limestones 
U^longing  to  five  different  epochs,  the  stnita  in  each  lieing  marked  hy 
it-«  own  {)eculiar  assemblage  of  fossils. 

TIm»s<^  views,  though  undoubtedly  correct  in  the  main,  were  not 
grmTally  accepted  even  in  France,  a  fact  thought  by  Doctor  (ic^ikie 
til  !«•  due  mainlv  to  the  wreUrhed  stvie  in  which  thev  wen*  set  forth, 
ami  the  AbWs  fame  has  been  eclipsed  by  more  brilliant  succc^s.sors, 
among  whom  may  l>e  mentioned  Desmarest,  Houelle.  Lamanon, 
C*uvier,  ami  Brongniart. 

Cuvien  it  will  b<»  recalliHl,  was  primarily  a  ))iologiNt.  and  may  well 
lie  considered  the  Hist  vertebnite  jmleontologist  the  first  to  announce 
tliat  the  glolie  was  once  pt*opled  by  vertebrate*  animals  of  a  tyjM*  which 
have  long  since  diHap|x^ared.  In  connection  with  Brongniart,  Cuvier 
|Nihlished  in  1M>8  a  memoir  containing  the  results  of  their  joint  studi(vs 
in  tb<*  liasin  of  the  Seine.  Thev  showed  that  the  formations  there 
«*xi}4ting  were  arranged  in  a  definite  order  and  could  be  recogniz(>(l  by 
their  lithological  and  pahH)ntologi(*al  chanuteristics.  .Vlthough  >ub 
M*«|n«*nt  rc'sc'arch  has  naturally  tendi'ii  to  .show  that  the  obMM'vati<»ns 
and  dill uct ions  of  thes«>  earlv  workers  were  not  in  all  case^  correct,  it 
may,  neverthelens,  be  sitid  that  they  established  on  a  ba>is  <»f  ac<*unitc 
i»li«4T\*ation  the  principles  of  paleontological  stratigraphy.  dcin(»n- 
•^tratifl  the  une  of  fossils  for  the  <l(*t(*rmination  <»f  geological  clironol 
<»gv,  and  |Mived  the  way  for  tht*  enorm(»u.s  advances  which  have  since 
bi-«*n  riiade. 
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When  one  recalls  the  avidity  with  which  each  new  suggestion  is 
seized  upon  by  the  scientists  of  to-day.  it  seems  strange  that  so 
promising  a  field  of  investigation  as  was  here  thrown  open  should  not 

have  been  immediately  occupied.  Nevertheless,  it 
c!l?!ltaU(ra!'?828.      was  not  until  1828  that  an  American  geologist  took  up 

the  matter  with  an  apparently  full  appreciation  of  its 
ix)ssil)ilities.  In  that  year  Dr.  S.  G.  Morton,  the  paleontologist,  i-ead 
before  the  Philadelphia  Academy  of  Sciences,  from  notes  furnished 
him  by  Lardner  Vanuxem,  what  was  proliably  the  most  important 
paper  of  the  year,  relating  to  a  possible  sutidivision  of  the  heretofore 
so-called  alluvial  or  Tertiary  deposits  of  the  Atlantic  coast.  The  most 
important  feature  of  this  pai)er,  a»s  may  l>e  surmised,  lay  in  its 
announced  recognition  of  the  value  of  fossils  for  purpoijes  of  correla- 
tion. With  the  exception  of  Prof.  John  Finch,  already  mentioned. 
writers  up  to  this  time  had  very  generally  referred  to  these  deposits 
as  belonging  to  a  single  formation,  either  alluvial  or  Tertiary,  as  the 
case  might  be.  Vanuxem  here  asserted  for  the  first  time  the  exist- 
ence of  both  Secondary  and  Tertiary  formations,  and  showed  ''that 
the  two  formations  may  be  at  all  times  unequivocally  identified  by 
their  fossil  remains.''  The  relative  geological  position  of  the  beds  he 
gave  as  Inflow : 

-,    ,  11     •  I  (Vegetable  mold 7 

McKiern  alUiviaN-^.  ,. 

[River  alluvuini « 

,    „      .  ,  (White  silicc'ouH  Kan<l h 

Ancient  alluvial  ir^    ,        ,, 

(Red  earth 4 

,„    ,.  |Be<ls  <»f  Ostrem* | 

1  ertiarv                 •  V     'i 
|Mas.s  of  limestone,  bnhniitone,  Haml,  and  clay j 

^  ,  (Lignite 2 

Marl  of  New  .lerst^v 1 

Iti  I.S2S  l>r.  C.  T.  Jackson,  of  Boston,  in  company  with  Francis 
Alger,  pui)lished  in  the  American  Journal  of  S<^ie nee  a  series  of  papers 
l)earing  on  the  mineralogy  and  geology  of  a  part  of  Nova  Scotia. 

These,  although  mainly  of  a  mineralogical  nature,  con- 
workinNova^!tia.  taincd  uuich  material  which  at  the  time  was  valuable, 

I A28. 

and  were  accompanied  by  a  colored  geological  maps 
This  showed  the  distribution  of  the  various  geological  formation. 
(identified  mainly  on  lithological  grounds)  of  the  northern  half  of  the 
peninsula.  A  broad  belt  of  transition  day-slate  was  represented  a*< 
extending  from  the  (lUt  of  Canso  to  St.  Marys  Bay.  This  was  bor 
dered  on  tlic  northeast  by  a  narrow  bed  of  aUuvium,  the  immediate 
l)ordcr  of  th(»  Hay  of  Fundy  l)eing  occupied  by  trap  rock  or  ffreenMfmir. 
as  it  was  th(Mi  called.  A  wide  band  of  red  and  gmj'  sandstone,  alter- 
nating with  sluih*  and  <arrying  ImkIs  of  coal,  oc»cupied  the  region  south 
of  Minus  Ba.sjii  and  all  of  the  Cumberland  0)unty  peninsula.  Thi?? 
sandstone  was  described  in  considenible  detail,  and  from  its  fossil  con- 
tent.^ was  judged  to  be  a  secondary  rock,  although  evidently  older  than 
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th«^  tnip— ti  recognition  here  of  the  value  of  fossils  for  stratigraphic 
purposes. 

The  clay-shite  of  the  South  Mountains  he  regarded  as  belonging  to 
the  transition  class,  since  it  dips  50-  or  60-  to  the  northwest,  while 
the  sandstone  dips  at  an  angle  of  only  10^  or  15^  to  the  north,  clearly 
indic*Hting  the  former  rock  to  be  of  greater  antiquity  than  the  latter. 
Moreover  the  slate  contained  only  niaiine  fossils.  It  was  regarded 
also  as  having  existed  before  the  neighboring  plutonic  rocks  had 
emerged  from  the  central  region  of  the  earth. 

The  granite  was  regarded  as  being  undoubtedly  of  greater  age  than 
the  clay-slate,  since  it  contained  '"  no  relics  of  organized  beings."  He 
did  not,  however,  consider  it  as  belonging  to  the  oldest  primitive 
rocks,  since  it  showed  at  places  a  brecciated  structure,  contained  black 
mica,  and  was  ''  lacking  in  the  metalliferous  compounds  and  minerals 
which  chanicterize  the  ancient  formations.''  '"It  probably  belongs,'' 
he  wrote,  ''to  the  third  or  newest  formation  of  Werner." 

Concerning  the  source  of  the  trap  and  its  relationship  to  the  sand- 
stone, he  wrote: 

The  sharp  frapineiits  of  the  breccia  and  the  breaking  up  of  the  strata  also  shew 
that  the  pro<luction  of  this  rock  or,  rather,  its  iionconformable  position  on  the  sand- 
sti^me  strata,  was  effe<'te(l  suddenly.  Whether  it  was  ejected  from  the  inaccessible 
dei)ths  of  the  Basin  of  Minas,  or  was  thrown  directly  up  throuj^h  the  strata  of  sand- 
stone, we  can  not  determine;  but  the  occurrence  of  the  trap  only  on  the  lx)rder8  of 
the  Viasin,  which  it  almost  surrounds,  lea^ls  to  the  belief  that  this  cavity  was  the 
crater,  if  it  may  be  so  calle<i,  from  which,  in  former  times,  the  trap  rocks  issued. 
The  same  remarks  will  apply  t4)  the  whole  North  Mountain  range,  except  that  they 
pn.>l>ably  originated  from  the  unfathomable  deeps  of  the  Bay  of  Fundy,  which  is 
cf»mpletely  skirted  on  either  side  by  trap  rocks. 

It  will  be  noted  here  that  Jackson  for  the  first  time  cut  loose  from 
the  Wernerian  (Neptunian)  doctrine.  He  realized  this  and  stated  that 
the  evidence  found  convinced  him  of  its  insufficiencv,  and  he  was 
obliged  to  allow  the  superiority  of  the  igneous  theory  as  taught  by 
Hutton,  Plavfair,  and  Daubenv. 

Writing  of  the  origin  of  the  bed  of  hematite  iron  ore  of  the  South 
Mountain  region  and  its  relation  to  the  granites,  he  said: 

Speculative  geologists  would  <loubtless  regard  the  protrusion  of  the  granite  from 
the  <*entral  regions  of  our  gloln?  as  the  caiLse  of  the  disruption  of  the  strata  of  clay- 
slate  which  was  thus  raised  from  the  bottom  of  the  K»a,  bearing  with  it  the  spoilt 
of  the  ocean.  The  layers  wouhl  thus  l)e  broken,  their  edges  thrown  up  at  an  angle, 
an<l.  by  the  contraction  of  the  sulH>rdiiiate  rf»cks,  the  suj^rior  strata  l)eing  fixed, 
or  the  protnisic»n  having  carried  the  rcK'ks  so  far  as  to  poise  the  strata  in  a  per- 
jiendicular  position,  a  chaif>m  would  l)e  foriiUHl  into  which  the  ore  of  iron  was  after- 
wards |K>ure<i  from  above  by  a  s<»cond  submergen<'e.  From  the  similarity  of  fossik 
we  should  think  the  \hh\  of  iron  ore  must  have  In^en  imminliately  fonne<i  after  the 
<lisruption  of  the  strata. 

In  183'^  a  revised  edition  of  the  work  was  published  in  th<»  Memoirs 
of  the  American  Academv  of  Arts  and  Sciences.     This  was  referred  to 
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by  Feathorstonhaugh  in  his  journal,  as  '^  the  neatest  and  best  executed 
work  on  geology  which  has  l)oon  gotten  up  in  the  United  States.'' 

Dr.  Charles  T.  .lackson  was  born  at  Plymouth,  Massachusetts,  June 
21,  1805;  was  graduated  at  the  Harvard  Medical  School  in  1829,  and 
settled  down  to  the  pnu»ticc  of  medicine  in  Boston  in  1833,  having 

spent  a  portion  of  the  intervening  3'^ears  in  Europe. 
cl^T^^jacLon.  ^^^  shortly,  however,  abandoned  his  medical  practii*c 

in  order  that  he  might  devote  himself  to  chemical  and 
geological  investigations  more  to  his  taste.  In  1836  he  was  appointed 
State  geologist  of  Maine,  and  published  during  the  three  years  he  held 
that  office  three  octavo  reports  comprising  some  1,0()0  pages  and  an 
atlas  of  24  plates.  These  volumes,  while  recording  a  large  number 
of  disconnected  observations,  contain  nothing  of  striking  interest  or 
importance.  They  are  devoted  also  largely  to  economic  questions. 
It  must  be  remembered,  however,  that  the  country  at  that  time  was 
largely  a  wilderness,  without  rail  or  carriage  roads,  and  many  of  his 
journeys  were  made  by  canoes  on  streams  and  lakes. 

In  1839,  as  State  geologist,  he  made  a  survey  of  Rhode  Island,  and 
in  the  year  following  submitted  the  manuscript  copy  for  his  report, 
1,00<)  copies  of  which  were  issued,  constituting  the  first,  last,  and 
only  official  account  of  the  resource's  of  the  State  ever  published 
(Woodworth).  In  1840  he  began  work  upon  the  geology  of  New 
Hampshire,  having  ))een  appointed  geologist  for  that  State  September, 
1831).  This  survey  lasted  until  1843,  the  final  report  appearing  in 
1844.  It  was  while  in  the  prosecution  of  this  work  that  he  made  the 
discoverv  of  tin  ore  at  Jackson,  and  from  it  smelted  the  first  bar  of 
metallic  tin  jiroduccd  in  America. 

In  1847  .lackson  was  aj)i)ointcd  United  States  geologist  to  report  on 
the  public  lands  in  the  Lak(»  Suj)erior  region,  but  spent  only  two 
seasons  in  the  Held,  resigning  for  personal  and  political  reasons  in 
1849.  It  was  through  his  instrumcMitality,  however,  in  part,  that  the 
copper  n^gions  of  Lake  Sui)erior  w(M'e  opened  up.  Other  economic 
work  of  .lackson  which  needs  nuMition  is  that  in  connection  with  the  dis- 
covery and  description  of  the  em(»rv  mines  at  Chester,  Massachusetts. 

After  withdrawing  from  the  Lak(*  Sup<»rior  surve}',  .lackson  devoted 
himself  larg(»ly  to  laboratory  work,  having  an  office  at  32  Somerset 
street,  lk>ston.  As  is  well  known,  he  was  one  of  the  claimants  for 
priority  in  the  diseov<Mv  of  thr  aiucst luetic  propt^rties  of  ether.  He 
was  well  and  favora))ly  known  as  a  chemist  and  all-round  naturalist, 
and  is  descri!)ed  as  '"an  enthusiastic  personage,  a  ready  conversation- 
alist, even  elo<iuent  m  his  speech  and  fond  of  story  telling — a  man  of 
large  st^iture,  scjuare  shoulders,  and  massive  head."  As  a  geologist 
he  was  conservative  almost  to  the  jH)int  of  obstinacy,  as  is  shown  by 
his  steady  adhenMicc  to  the  older  forms  of  classification,  though  find- 
ing it  necessary  to  dispart  somewhat  from  the  ideas  of  Werner.     He 
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was  but  little  given  to  theorizing,  at  least  ho  far  as  is  shown  by  his 
published  works,  and  announced  few,  if  any,  new  principles.  His 
fame  rests  rather  upon  the  extension  of  the  geographic  boundaries  of 
our  knowledge  and  the  development  of  economic  resources. 

The  matter  of  the  relative  age  of  rocks  as  indicated  by  their  position 
with  respect  to  horizontality,  which  had  been  discussed  by  Cleaveland 
in  I81t>,  Maclure  in  1825,  and  Jackson  in  1828,  was  again  taken  up  by 

Vanuxem  in  1829.  In  a  paper  in  the  American  Jour- 
VMaxeoi's  View*,  j^^j  ^^  Scieucc  in  this  j'car  he  called  attention  to  sev- 
eral errors  promulgated  b}"  the  American  geologists, 
the  first  of  which  related  to  the  existence  of  Alluvium  and  Tertiary 
HK'ks  in  the  Southern  Atlantic  States,  as  he  had  previously  announced 
in  conjunction  with  Morton. 

Of  almost  equal  importance  was  the  objection  raised  at  this  time  to 
the  prevailing  assumption  that  all  of  the  so-called  secondary  rocks 
were  horizontal  in  position,  or,  on  the  other  hand,  that  all  horizontal 
rocks  were,  therefore,  secondary.  He  pointed  out  that  rocks  (com- 
posed of  mechanical  particles  when  undisturbed  would  form  horizon- 
tally lying  masses,  but  that  both  uplifting  and  downfalling  forces  had 
existed  and  there  was  no  certaintv  that  such  had  acted  in  a  uniform 
manner*  giving  rocks  of  the  same  age  the  same  inclination.  There- 
fore the  position  of  beds  as  regards  horizontality,  ho  argued,  could 
not  be  relied  upon  to  indicate  age.  ""The  analogy  or  identity  of 
rocks/'  he  wrote,  "I  determine  bv  their  fossils  in  the  first  instance 

^  ft. 

and  their  position  and  mineralogk'al  chaiucters  in  the  second  or  last 
instance."  This  is  perhaps  one  of  the  most  unportaiit  genenilizations 
that  had  thus  far  been  made  by  any  American  geologist. 

Vanuxem  was  a  Philadelphian  by  birth,  but  receiv(»d  his  mineral- 
ogical  and  geological  tmining  at  the  S<*hool  of  Mines  in  Paris  at  the 
time  when  Brongniart  and  Hauy  were  both  active,     (iraduating  in 

1819,  he  returned  to  America  and  assumed  the  chair 
vSSSiii.  ^'  chemistry   in  Colum)>ia  College,  South  Carolina, 

resigning  in  1820  to  undertake  some  private  mining 
work  in  Mexico.  In  1830  he  removed  to  a  fann  near  Bristol,  Penn- 
Mlvania,  which  continued  to  Im»  his  home  during  the  rest  of  his  life, 
though  connected  with  the  New  York  State*  survey  during  1837-43. 

He  is  represented  as  a  man  of  slight  build,  active  and  energetic,  and 
with  great  powers  of  endurance:  one  who  loved  his  work  for  the 
work's  Hake,  and  was  always  averse  to  receiving  jmy  for  his  services 
excepting  when  circumstances  rendennl  it  absolutely  lUM'essjiry. 

According  to  his  biographer,  h(*  had  the  reputation  of  iKMug  vision- 
ary and  full  of  untenable  theories.  He  this  :is  it  may,  his  pu))lished 
writings  show  no  such  failing,  aiul  then*  arc  few  men  of  his  day  who 
"^w  nion*  clearly  or  n^asoned  more  rorrectly.  His  publishtHl  writings 
Wire,  fur  that  tinie,  remarkably  free  from  «»rror.     As  a  gi^ologist  he 
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ranks  with  those  who  have  put  forward  new  ideas  rather  than  those 
who  have  extended  geographic  boundaries/' 

In  1829  there  appeared  the  first  American,  from  the  third  English, 
edition  of  BakewelPs  Introdu(;tioi>  to  Geology.  This  was  edited  by 
Silliman,  and  was  accompfltiied  by  the  latters  Outline  of  the  tburse 

of  Geological  Lectures  given  in  Yale  College.  The 
Edition  of  BakeweU's  I'ejison  for  the  rcpmit,  as  given  by  Professor  bulmian 

in  the  preface,  was  that  he  might  place  in  the  hands  of 
his  classes  a  comprehensive  treatise  on  geology  which  they  "would  l)e 
willing  to  read  and  able  to  understand."'  The  lecture  notes,  which 
merit  our  attention  here,  comprised  126  pages  and  may  be  reviewed 
in  some  detail  as  illustrating  the  character  of  instruction  given  at  that 
time. 

Silliman  announced  himself  as  being  neither  a  Wernerian  nor  Hut- 
tonian,  but  simply  a  student  of  facts.  The  classification  was,  how- 
ever, largely  Wernerian,  though  he  says:  "It  is  one  of  convenience 
merely,  and  therefore  there  is  no  hesitation  in  deviating  from  it,  or 
in  substituting  other  views,  when  they  appear  preferable."  The  dis- 
coveries of  geology  he  regarded  as  consistent  with  the  biblical  account, 
and  "  respecting  the  deluge,  there  can  be  but  one  opinion  ♦  ♦  * 
geology  fully  confirms  the  scripture  history  of  that  event." 

The  earth,  h(»  conceived,  as  at  an  early  stage  covered  superficially  by 
a  watery  abyss,  containing  in  solution  acids  and  alkalies  such  as  would 
augment  its  solvimt  powers.  He  regarded  the  solubility  of  all  the 
existing  elements  forming  the  crust  of  the  globe  as  clearly  and  actu- 
ally demonstrat<»d,  but  found  a  serious  difficulty  in  attributing  to  the 
(luantity  of  waters  that  now  exist  *  *  *  sufficient  power  to  sus- 
pend all  the  materials  of  those  rocks  that  bear  marks  of  deposition  from 
a  state  of  chemical  solution.  Among  other  possibilities  he,  however, 
seriously  considennl  that  of  a  ])ortioii  of  the  then  existing  waters  hav- 
ing "  been  received  into  cavities  of  the  earth,  to  await  a  future  call  to 
deluge  the  surface  an(»w.''  P^'rom  this  solution  the  primitive  rocks — 
gninite,  gneiss,  micji,  slate,  and  some  of  the  limestones — were  regarded 
as  having  been  deposited,  the  author  thus  far  following  Werner. 

The  (juestion  as  to  the  origin  of  mountains  and  of  the  continents 
was,  with  him,  a  vexed  one.  ''Scmu*  imagine  that  entire  mountain 
ranges  and  eviMi  entire  contiiuMits  have  been  rais(»d  by  the  forc^  of 
subterranean  fire,''  and  he  saw  no  inconsistency  in  admitting  that  both 
igneous  and  aqueous  agencies  might  have  b(»en  a<*tive  in  their  produc- 
tion. Hut,  as  to  t\\v  source  of  the  materials  from  which  thev  were 
formed,  he  felt  by  no  means  ch^ar.     If  supplied  from  regions  imme- 

" Acroniinjrtn  llall  (Transactions  ol  the  Anu*rican  Association  of  (leologigti^,  1H40- 
41*),  VanuxtMn  was  tin*  lii-st  to  |H»int  out  the  similarity  of  some  of  the  western  fonim- 
tions  witli  tliosi*  of  New  York,  identifying  th(*  lower  rocks  of  Ohio,  Kentucky,  and 
Tenneseee  with  the  Trenton  limestone. 
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already  conveniently  accounted  for  by  assuming  that  it  was  derived 
from  the  primeval  ocean  at  the  time  it  shrank  away  and  h^ft  the  dry 
land.  Sufficient  water  to  cover,  when  forced  to  the  surface*  the  high- 
est mountains,  could,  lie  calculated,  be  contained  in  a  cavity  the  cubical 
content  of  which  was  only  one  two  hundred  and  sixty -fifth  part  of  the 
globe. 

Assuming  that  the  antediluvian  mountains  were  the  same  as  to-day. 
but  somewhat  higher  (say,  5i  miles),  and  accepting  the  fact  tliat  thoy 
were  covered  by  the  waU^r,  Silliman  proceeded  to  show  that,  with  a 
time  limit  of  fortv  days,  the  water  rose*,  at  the  rate  of  a  foot  in  two 
minuU»s — i.  e.,  80  feet  an  hour,  or  181  feet  in  the  time  of  a  common 
flood  or  ebb  tide,  3(>2  feet  in  the  time  of  the  ordinary  ebb  and  flow  of 
the  tide,  or  72(1  feet  in  twentv-four  hours. 

The  inequalities  in  the  surface  of  the  land  would,  however,  increase 
even  this  nite,  and  a  very  graphic  picture  is  dmwn  of  '*the  incon- 
ceivably violent  torrents  and  cataracts  everywhere  descending  the 
hills  and  mountains  and  meeting  a  tide  rising  at  the  rate  of  moi'e  thau 
700  f(H*t  in  twentv-four  hours." 

It  is  to  such  a  catastrophe  that  he  believed  to  be  due  the  extinction 
of  whole  races  of  vertebnite  animals,  like  the  Siljerian  mammoth  and 
others.  That  such  would  be  amplj'  sufficient  no  one  will  be  likely  to 
doubt. 


CHAPTER  III. 

THE  ERA  OF  STATE  SURVEYS,  FIRST  DECADE.  1830-1839. 

The  decade  beginning  with  1830  stands  out  prominentry  as  an  era  of 
public  surveys.  With  the  exception  of  the  single  abortive  attempt 
made  in  North  Carolina  in  1824  no  surveys  at  other  than  private 
expense  had  thus  far  been  attempted,  though  the  subject  had  more 
than  once  been  agitated.  During  this  inter\al,  however,  scarcely  a 
year  passed  but  witnessed  the  establishment  of  a  State  survey  or  the 
organization  of  an  exploring  expedition,  to  which  a  geologist  was 
attached.  Thus  were  established  surveys  in  Massachusetts  in  1830; 
in  Tennessee  in  1831;  Maryland  in  1834;  New  Jersey,  Connecticut, 
and  Virginia  in  1835;  Maine,  New  York,  Ohio,  and  Pennsylvania  in 
1836;  Delaware,  Indiana,  and  Michigan  in  IS37,  and  in  New  Hamp- 
shire and  Rhode  Island  in  1839.  In  addition,  the  United  States  Gov- 
ernment for  the  first  time  recognized  the  practical  utility  of  the 
geologist  by  authorizing  the  surveys  by  (i.  W.  Featherstonhaugh  of 
the  elevated  countrv  between  the  Missouri  and  Red  rivers  in  1834  and 
of  the  Coteau  des  Prairies  in  1S35,  and  i)y  D.  D.  Owen  of  the  mineral 
lands  of  Iowa,  Wisconsin,  and  Illinois  in  1839. 

The  Wilkes  exploring  expedition,  with  •!.  D.  Dana  as  geologist,  was 
also  organized  and  sent  on  its  way  in  1838.  Beyond  the  limits  of  the 
United  States  Abraham  Gesner  was  doing  import^mt  work  as  provin- 
cial geologist  in  Nova  Scotia  and  New  Brunswick.  P^aton  and  Maclure 
were  still  in  the  field,  but  new  work(»rs  were  mpidly  forcing  their  wav 
to  the  front,  and  the  influence  of  the  two  pioneers  was  already  on  the 
wane.  Other  names  which  appear  in  this  decade  and  grow  to  prom- 
inence are  Timothy  A.  Conrad,  •lames  Hall,  William  Mather,  D.  D. 
Owen,  tl.  G.  Percival,  and  II.  D.  Rogers. 

In  1830  Eaton  published  the  first  edition  of  his  ( Jeological  Text-lxmk, 
an  octavo  volume  of  64  pages,  accom|mnied  by  a  colored  geological  map 
e^^hibiting a  general  view  of  the  economic  g<*ology  of  New  York  and  jmrt 
^_^  ^  of  the  adjoining  Stat*»s,  the  work  for  which  had  l)een 
\imti,  done  under  the  direction  of  the  Hon.   Stephen  Van 

Rensselaer. 

The  book  is  worth}*  of  a  somewhat  extended  notice,  since  it  gives  us 
an  insight  into  the  character  of  thr  instruction  furnished  students  at 
that  time  at  the  Renssela<M*  Institute,  and  also,  since  it  was  Futon's 
Hecond  attempt  at  preparing  a  t4»xtlHK>k.  His  first  attem|)t,  it  will  l>e 
reinembered,  was  his  Index  to  the  (icology  of  the  Northern  States, 

2V^ 
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published  in  1818,  ii  second  edition  of  whieh  appeared  in  1820.  In 
these  works  he  was  anticipated  only  by  Parker  (-leaveland's  Text-book 
of  Geology  and  Minenilo^y,  which  appeared  in  181G,  though  the  volume 
we  are  now  discussing  was  anticipated  in  I82t)  by  the  work  of  Emmons. 

Eaton's  genei*al  views  regiirding  the  formation  of  the  various  geolog- 
ical deposits  are  summed  up  as  follows:  '''The  earth  is  composed  of 
masses  of  rocks  and  detritus  which  are  more  or  less  extensive  and  uni- 
form in  their  characteristic  <*onstituents/'  '^  These  masses  are  mostly 
in  regular  deposits,  and  those  of  the  same  structure  and  composition 
regard  the  same  order  of  superposition  in  relation  to  ea<*h  other.''  A 
few  of  the  outermost  mass(»s,  having  no  reference  to  each  other,  he 
called  "anomalous  deposits."  He  divided  these  regular  deposits  into 
five  series,  called  classes,  each  of  which  ^'consists  of  three  formations 
which  are  found  to  be  corresponding  ecjuivalents  in  all  the  series. 
The  lowest  formation  in  each  series  is  .shtty  or  argiUaceona  and  always 
contains  beds  of  rarhrm  in  the  state  of  coal,  anthracite,  or  plumbago." 
The  next  is  silicious  and  destitute  of  beds  of  carbon,  and  the  upper- 
most, also  lacking  in  carbon,  is  composed  chiefly  of  carbonate  of  lime. 

All  the  primitive  formations  he  regarded  as  deposited  in  the  form  of 
concentric  spheres  like  the  coats  of  an  onion.  These  contained  the 
materials  of  which  all  outer  formations  were  afterwards  made  up. 
^'  Soon  after  these  dej)<)sits  were  laid  down  they  were  broken  up 
through  several  northerly  and  southerly  rents  by  a  ver}'  great  force 
exerted  immediately  beneath  the  lowest  of  the  primitive  strata.  In 
this  semi-indumted  and  broken  sbite  materials  were  readilv  furnished 
for  the  outer  strata."  The  source  of  the  force  producing  these  rents, 
it  will  be  rememb(»red,  was  in  his  early  works  regarded  as  problematical 
(p.  238). 

In  this  last  work  he,  however,  solved  the  problem  in  a  manner  l)est 
understood  by  reference  to  th(»  figures  here  reproduced,  which  he 
claimed  wen*  an  improvement  on  those  given  in  the  Index. 

The  earth  is  here  supj)osed  to  be  cut  into  two  parts  at  the  forty- 
second  degree  of  north  latitude.  Ltirgc*  bodies  of  combustibles  of  an 
undetermined  nature,  it  will  be  observed,  are  conveniently  stored 
under  what  are  now  the  n^gions  of  maximum  disturbance,  as  the  Rocky 
Mountains,  New  P^ngland,  (Jreat  Britain,  the  Alps,  IVrenees,  Caucasus, 
and  the  Ilimalavas.  • 

In  th(»  second  figure  combustion  is  supposed  to  have  taken  place, 
whereby  an  explosion  was  produced  which  burst  through  the  primitive 
and  transition  series,  and  appalling  indeed  nuist  have  been  the  results. 

A  geological  segment,  not  reproduced  here,  gives  in  greater  detail 
a  section  across  the  American  continent,  showing  the  internal  nucleus, 
the  area.s  of  combustible  matter  under  New  York  State  and  the  Rocky 
Mountains,  and  the  alternation  of  the  regular  deposits,  illustrating 
his  ideas  as  to  the  present  condition  of  the  earth.     The  combustible 
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materials  at  this  time  are  supposed  to  Iw  nearly  exhausted,  although 
still  sufficient  to  cause  ordinary  earthquakes. 

The  superficial  rocks  of  the  crust,  as  shown  in  this  section,  were 
divided  into  four  series,  eac»h  of  which  was  made  up,  in  ascending  oitier, 
of  Carboniferous,  Quartzose  and  Calcareous  rocks.  The  definitions 
of  the  various  classes  forming  the  transition  and  secondary  remained 
nmch  as  in  the  early  work,  excepting  that  he  divided  his  Class  III 
into  a  lower  and  upper  division  and  added  a  fifth  series,  the  Tertiary', 
this  latter  including  those  strata  which  contained  remains  of  viviparous 
vertebral  animals. 

The  so-called  anomalous  deposits  were  those  which  have  been  pro- 
duced at  the  earth's  surface  by  fusion  or  disintegration  of  regular 
strata,  and  were  divided  into  (1)  Volcanic  deposits,  (2)  Diluvion,  (3) 
Postdiluvion,  and  (4)  Analluvion,  the  last  including  what  are  known 
as  residual  deposits — that  is,  those  w^hich  result  from  decay  in  situ. 

In  the  second  edition  of  this  work,  published  in  1832,  the  same  gen- 
eral ideas  were  advanced  regarding  the  formation  and  uplifting  of  the 
various  rocks;  a  nmch  more  satisfactory  chapter  added  on  the  charac- 
ter and  objects  of  geology,  and  also  a  chapter  on  organized  remains 
as  auxiliaries  in  the  determination  of  rocky  strata,  in  this  respect  the 
second  edition  being  decidedly  in  advance  of  the  first. *" 

Many  of  the  ideas  put  forward  in  the  chapter  on  the  character  and 
objects  of  geology  are,  in  the  light  of  to-day,  peculiarly  interesting. 
The  desire  to  harmonize  all  phenomena  witnessed  with  the  biblical 
account  of  the  deluge  was  still  manifested: 

Geologitral  facts  lead  uh  to  the  history  of  created  beings  long  anterior  to  written 
records.  Such  records  may  l)e  erroneoiiH,  and  we  have  no  means  of  oorrecting 
them.  But  geological  records  are  ]>erpctual,  unvarying,  and  can  not  be  vitiated  by 
inter]>olations  or  counterfeits.  For  example:  The  written  history  of  the  deluge 
might  ha  varied  more  or  less  by  erroneoiLs  copies  and  incorrect  tranalatioiis.  Bat 
the  geological  records  of  divine  wrath  iM>ured  out  upon  the  rebellious  inhabitants  of 
the  earth  at  that  awful  peri<Ml  can  never  be  effaced  or  changed.  These  later  records 
a<ld,  to  the  Mosaic  account,  that  even  the  antediluvial  l^easts  of  the  forests  and  fens 
I>artook  of  the  ferocious  nature  and  giant  strength  of  antediluvial  man. 

The  bed  of  Lake  Ontiirio  Eaton  regarded  as  made  by  the  rapid  dis- 
integnition  of  Saliferous  and  Carboniferous  rock,  while  the  beds  of 
Ljike  Champlain  and  the  Mohawk  and  Hudson  rivers  were  thought  to 
have  originated,  for  the  most  part,  by  the  disintegration  of  rocks  at 

«The  e<lition  of  1832  was  issueil  and  sold  imder  direct  supervision  of  the  author. 
The  following  note  relative  thereto  is  in  i)088e88ion  of  the  present  writer: 

To  (lencral  Howe  (or  whoever  has  received  my  geological  text-book),  deliver  a 
(rr)py  of  my  text-lx)ok  to  Professor  Silliman  and  another  to  Professor  Tulley  (?^,  on 
my  account.  Charge  them  to  William  S.  Parker  and  I  will  cause  the  same  to  be 
chargcnl  to  me  and  also  to  l)e  credite<l  to  you.     July  24,  1832. 

Ajios  Eatom. 

N.  B.  1  publish  this  edition  myself,  and  have  paid  all  cash,  by  way  of  tiiaL 
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line  of  contact  Ijetween  different  formations.  '*The  deep  bed  of  the 
Hudson  aeross  the  Highlands,  however,  ma}*,  without  extravagance, 
be  ascribed  to  the  fusion  by  volcanic  heat  which  produced  the  basaltic 
Palisades  below  the  chasm.  The  same  hyix)thesis  may  be  well  applied 
to  the  channel  of  the  Connecticut  River  north  of  the  northern  line  of 
Massachusetts,  whence  the  volcanic  lava  flowed  which  now  covers  a 
series  of  basaltic  prominences  which  form  the  northern  part  of  Long 
Island  Sound."  And  this  as  late  as  1830-1832!  Yet  the  Rensselaer 
8chool,  where  Eaton  was  teai'hing,  was,  and  continued  to  be  for  many 
years,  the  chief  training  school  for  American  geologists.  Fortunately, 
his  students  were  taught  to  think  and  not  to  blindly  follow. 

Eaton  claimed  at  this  date  (1832)  to  have  devoted  more  time  and 
labor  to  American  geology  than  any  other  individual,  and  credits  Gen. 
Stephen  Van  Rensselaer  with  having  furnished  the  necessary  facilities. 
'*  I  made  the  first  attempt,"  he  wrote,  ''at  a  systematic  arrangement 
of  American  rock  strata."  The  various  discoveries  which  he  thought 
might  be  claimed  as  having  been  made  under  the  auspices  above  noted 
are  as  follows: 

(1)  That  each  of  the  classes  of  rocks  alwavs  begins  with  a  Carbonif- 
erous slate  and  terminates  with  calcareous  rocks,  having  a  middle 
formation  of  auartzose. 

(2)  The  discovery  of  ferriferous  stratum  containing  argillaceous 
iron  ores,  and  which  extends  unbroken  from  near  Utica  to  the  extreme 
termination  of  Lake  Ontario,  in  Upper  Canada. 

(3)  That  the  bog-ore  properly  l>elongs  to  the  Tertiary  formation. 

(4)  That  talcose  slate  is  the  gi-and  repository  of  hematitic  iron  ore, 
peroxide  of  manganese,  and  native  gold. 

(5)  That  the  Corniferous  lime  rock  is  the  true  carboniferous  only. 

(6)  That  crystalline  granite  is  not  entitled  to  a  pla<*e  among  general 
strata,  as  it  is  never  found  other  than  as  a  bed  or  vein. 

(7)  That  granular  quartz  rock  and  granular  lime  rock  are  entitled  to 
a  place  among  general  strata. 

(8)  That  all  primitive  rocks,  excepting  granular  quartz  and  lime 
rocks,  are  contemporaneous. 

(9)  That  there  is  evidence  of  a  diluvian  stratum  having  been  depos- 
ited near  the  termination  of  the  deluge,  which  formed  an  universal 
mantle  about  the  earth. 

In  discussing  the  "regular'"  deposits,  he  wrote: 

They  exhibit  grounds  for  conjecture,  if  not  absolute  demonstration,  that  the 
surface  of  the  earth  had  underj^ne  five  jjeneral  moclific-ations  which  no  animaln 
eurviveii.  Four  of  thej*e  modificationn  were  followed  by  as  many  new  creations  of 
animals,  two  new  cieations  succee^ling  the  final  depositions  of  all  regular  strata.  In 
the  whole  there  appeared  to  have  l)een  five  creations  of  animals  at  least,  and  per- 
haps ten,  since  the  primitive  mass  of  earth  was  formed. 
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In  his  chapter  on  soils,  it  is  instructive  to  note,  he  recognized  and 
emphasized  a  principle  now  geneniUy  accepted,  to  the  effect  that  the 
fertility  of  the  soils  does  not  depend  u|K)n  ultimate  chemical  constitu- 
tion, but  rather  upon  physical  properties;  that  a  fertile  soil  should 
contiiin,  tirst,  suilicient  stones  and  pebbles  to  keep  it  open  and  loose; 
second,  sufficient  clay  to  absorb  and  hold  water  in  the  right  propor- 
tion; and  third,  sufficient  tine  sand  to  prevent  the  clay  from  baking  in 
time  of  drought. 

That  the  fertility  of  a  soil  could  not  be  told  by  a  chemical  analysis 
had  been  stated  bv  him  some  vears  earlier,  jts  follows: 

Siippohio,  ill  one  siKH^iniiMi,  the  soil,  etc.,  should  l^  quartz,  in  another  feldspar,  in 
another  honi])h'nde,  in  another  sapphire,  in  another  diamond,  would  there  be  any 
differenee  in  the  inliuenee  of  the  sand,  et(\,  upon  the  pro<luctive  quality  of  the  soil 
on  account  of  the  different  ultimate  elements  of  which  these  different  minerals  are 
composed?  Shouhl  they  be  so  far  decomposed,  at  some  future  period,  as  to  become 
an  impalpahle  j)owder,  jxThaps  they  may  then  differ  in  their  influence  upon  vegeta- 
tion. Perhaps  we  may  foretell  the  future  state  of  the  country  a  century  or  two  to 
come,  where  su<'h  extreme  disintejjration  is  effected.  But  the  difference  in  the  ulti- 
mate constituents  can  not  i)ossibly  affect  the  cpiestion  of  fertility  or  barrenness  at  tlie 
time  the  umthj^  in  made.  For  whatever  effect  can  be  as<!ribable  to  the  one  is  equally 
a  pro|)erty  of  the  other.  They  all  hol<l  water  on  their  surfaces  by  the  attraction  of 
a<lhesion;  they  all  keep  the  soil  duly  open  and  porous  to  give  passage  to  the  roots  of 
vegetables;  th(>y  all  aid  alike  in  bracing  up  plants  and  in  keeping  them  in  a  fixed 
j>osition.  etc.  Whatever  is  effected  by  one  is  effecte<l  by  all — size,  form,  quantity, 
and  all  circumstances,  other  than  their  constituent  elements,  agreeing.^ 

To  this  second  edition  he  added  a  chapter  of  some  11  pages  on  the 
science*  of  mininjjf,  one  of  \2  pages  on  localities,  and  5  pages  on  fossils. 
His  o-radually  expanding  views  as  to  the  value  of  fossils  in  geological 
work  arc*  shown  in  his  paper  on  (Geological  Equivalents  of  this  year 
(1S8'J).  He  h(*rc  advanced  the  idea  that  the  eniuiieration  of  the  min- 
eral constituents  of  rocks  could  never  be  satisfactorily  applied  for  the 
determination  of  the  relative  position  of  stmta,  but  that  recourse  must 
be  had  to  the  organic  remains.  *'  \V(»  find  the  same  organized  remains 
associated  with  ccjuivalcnt  strata  in  every  part  of  the  earth."* 

If  w(*  are  to  judge  from  the  preface  of  the  edition  of  1830,  Eaton 
was  by  no  means  lacking  in  egotism,  and  had,  at  times,  an  unfortunate 
way  of  expressing  his  opinions,  such  as  nuist  have  aroused  antagonism 

^'American  .louriial  <»l  S(  itiicc,  XII,  .lune,  1S27,  j>.  iMi). 

'^The  first  (Million  of  Katoii's  work  was  somewhat  savagely  reviewe<l  by  s  writer  in 
the  North  Aniericaii  Ucvicw  lor  April,  IS.Sl.  From  it8  i>eru8al  one  might  be  led  to 
snpj)ose  that  the  follow  injr  extract  from  a  letter  hy  Katon  to  Siliiman  in  1839  had  a 
sounder  hasi-^  than  Katon  woiihl  himself  U'  likely  to  acknowledge.  He  wrote:  "I 
was  one  of  your  earliest  corri^spoiKlents  on  geology,  consequently  it  is  to  be  preeomed 
that  I  have  intnMhicc<l  mon*  errors  to  the  puhlic  through  your  journal  than  any  other 
iiulividiial."  Most  writers  will  eay  things  of  themselves  which  they  would  reeent  if 
said  bv  others. 
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in  the  minds  of  his  collaborators.     Thus,  in  referring  to  the  work  just 
mentioned,  be  wrote: 

A  text-book  is  too  small  a  name  for  these  days  of  puffing  arrogance.  But  I  proi)08e 
to  present  all  my  supposed  heresxe*  to  the  geological  fraternity  in  this  form  and  under 
this  title.  And  I  beg  the  favor  of  the  most  rigorous  criticism  ni>on  this  book,  small 
as  it  is.  To  stimulate  men  of  science  to  the  work  of  examination  and  of  criticism,  I 
will  state  that  I  intend  to  publish  considerable  in  scientific  journals,  also  a  full 
system  upon  this  plan.  As  I  have  had  more  than  7,000  (mpils  already  (rather 
auditors),  and  shall  probably  have  more  still,  it  will  Ix?  well  for  them  "  to  In?  on  the 
alert*'  if  I  am  propagating  errors.  I  am  not  in  sport;  I  have,  during  the  last  fifteen 
years,  traveled  over  17,000  miles  for  the  express  purpose  of  collecting  geological 
materials,  the  results  of  which  are  comprised  in  this  little  octavo  jmmphlet  and 
exhibited  in  the  accompanying  map  and  wood  cuts. 

I  may  be  accused  of  fickleness,  on  account  of  the  changes  which  apjiear  in  every 
successive  book  I  publish.  I  confess  this  is  the  ninth  time  1  have  puhlishe<i  a  geo- 
logical nomenclature,  and  that  I  made  changes  in  each  of  more  or  less  importance. 
But  I  have  always  consulted  my  scientific  friends,  and  every  change  was  foundeii  on 
new  discoveries  in  '* matters  of  fact" 

And  further  on: 

Students  for  whom  this  text-book  is  inten<le<l  may  feel  no  interest  in  anything 
permmal  relating  to  myself.  But  I  will  throw  this  j^aragraph  in  their  way.  I  have 
been  accused  of  arrogance  for  stating  facts  relating  to  American  g(*ology  without 
fonnally  bowing  to  European  authorities.  *  *  *  I  confess  that  this  is  a  kind  of 
**  ifiee  dixit"  text-book.  It  is  so,  l)ecause  the  plan  d(x»s  not  a<lmit  of  demonstration. 
In  a  future  publication  I  intend  to  cite  authorities  from  nature  to  illustrate  my 
views.  But  I  am  prepare<l  to  abandon  any  of  them,  as  I  have  frequently  done  here- 
tofore, in  cases  of  numerous  errors,  to  which  I  am  still  subject. 

Geology  is  a  progressive  science,  and  he  who  has  any  respe<'t  for  his  future  repu- 
tation should  be  exceedingly  cautious  alx)Ut  committing  himsi'lf  on  matters  of  fact 
or  speculation.  I  (*onfess  that  I  have  moM  effrnjionahi  violate*!  this  rule,  but  there 
are  peculiar  circumstances  in  my  case,  arising  from  my  l)eing  "a  hirehiig  <lrudge" 
to  the  most  munificent  patron  of  this  wiencc*  (Stephen  Van  Rensselaer),  which  will 
palliate,  at  least,  if  not  justify. 

I  deflpise  arrogance;  but  I  am  within  8ixt4»en  years  of  the  "threi*  s<'orc  and  ten," 
when  the  mind  of  man  is  average<l  l)eyon<l  the  |»eri<Ml  of  vigorous  cff<»rt.  .\l>out  two 
score  of  theee  years  have  been  devoted  to  natural  science.  1  offer  this  as  an  a|)ology 
for  some  dogmas  forbidden  ti>  youth.'' 

In  July  of  1831  there  appc»ared  the  first  niimlK»r  of  (i.  W.  Foather- 
Mlonbaugh^s  Monthly  American  Journal  of  (leolo^y  and  Natural  His- 
tory'.    This  proved  a  short-lived  but  vij^oroiisly  conducted  journal  in 

,__     which  essays  on  K^oloyfv,  a.s  understood  by  the  editor, 

r»fqiiiiBj.    oix'upied  a  leadin^^  part  in  each  iuiinl)er.     Troubles, 

financial  and  otherwise*,  In'sct  the  venture,  and  amongst 

the  "otherwise^  may  1k»  montiontHl  a  lack  of  appreciation  and  support 

where  he  apparently  had  a  rijifht  to  <»xpect   lM»th.     ''So  that  a  work 

which  haA  hitherto  lieen  st4impe<l  with  j^eneral  approbation,     ♦     ♦     * 

••One  ran  alinopt  imagine  hitii  saying  witli  Kinerson  "What  i?*  well  dniu*  I  Uh>\  as 
if  1  di«l,  what  18  ill  done  1  reck  not  of.  ' 
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has  not  been  permitted  to  have  a  single  subscriber  in  New  Haven,  the 
pretended  seat  of  an  American  Geological  Society/'  is  his  fierce  plaint 
in  the  ninth  issue." 

Featherstonhaugh  was  a  man  of  English  birth  and  some  means^  who 
came  to  America  when  quite  young  apparently  merely  through  love  of 

a  Featherstonhaugh's  efforts  neein  to  have  been  better  appreciated  abroad  than  at 
home,  if  we  may  judge  from  the  following: 

The  editor  lays  before  his  readers,  with  a  ju8t  pride  and  entire  satisfaction,  the 

following  communication  from  the  president  of  the  Geological  Society  of  London, 

and  other  distinguished  naturalists: 

London,  June  18^  18S1, 

My  Dear  Sir:  We,  your  undersigned  friends  in  England,  are  happy  to  learn  that 
you  propose  to  establish  a  new  periodical  work  in  the  United  States,  which,  in 
embracing  all  subjects  connected  with  the  natural  history  of  America,  is  to  be 
specially  devoted  to  the  accumulation  of  geological  fa(!ts  and  ))henomena. 

Knowing  your  zeal  and  ability,  we  have  great  hopes  that  a  work  so  directed  w^ill 
meet  with  every  encouragement  in  your  country,  and  we  are  certain  that  it  can  not 
but  be  of  service  to  the  cause  of  science  in  general. 

We  shall  at  all  times  be  desirous  of  aiding  you  with  any  commanication  in  our 

power,  and  we  subscribe  ourselves. 

Yours,  very  faithfully, 

Roderick  Impey  Murchison, 

President  of  (he  Geological  Society  of  London. 

Davies  Gilbert, 

Vice-Preddent  Royal  Society, 

W.  I).  Conybeare,  F.  R.  8.,  F.  G.  8.,  etc. 

A.  SEiKiwicK,  F.  R.  S.,  F.  (f.  S.,  etc, 

Fellow  nf  Trinity  (hllege,  Cambridge. 

Wm.  BiTKLANi),  D.  1).,  F.  R.  S.,  etc., 

Chriii  Church  College,  Oxford, 

(TE<)R(iK  Bellas  Greenouoh,  F.  R.  S.,  etc. 
Charles  Stores,  F.  R.  S.,  et<\ 

P.  S. — I  can  not  refrain,  in  particular,  on  my  own  part,  from  expressing  the  desire 
which  I  feel  for  the  appearance  of  the  projK)se<l  jmblii^tion,  as  likely  to  i^onduce  in 
the  most  important  jjoints  to  the  effective  jirogress  of  geoloiB5>';  to  ascertain  in  detail 
the  suite  of  formations,  and  the  series  of  or^nic  remains  distinguishing  them  in  a 
new  ctmtineiit,  so  widely  separated  from  the  old,  and  embracing  such  a  range  of  vari- 
ous climate.  So  to  compare  the  phenomena  with  those  of  Europe  has  ever  appeared 
to  me  the  most  material  desitleratnm  in  geology,  for  we  may  be  sure  that  any  analo- 
gies whit'h  are  common  to  l<H*alities  geographically  so  distant,  and  plai^  under 
physical  conditions  so  distinct,  are,  in  truth,  analogies  l)elonging  generally  to  the 
whole  glol>e;  and  thus  we  shall  obtain  data  a<le<]uate  for  the  foundation  of  a  general 
geological  theory. 

Well  a(*()uainte<l  with  the  attention  you  have  paid  to  the  formations  on  thi8  8i<leof 
the  Atlantic,  I  am  convinced  that  the  execution  of  this  task  can  not  fall  into  more 
com|>etent  hands. 

W.  D.  CONYBRABS. 

G.  \V.  FEATHERsTo.NHArciH,  Ks*].,  PliHuddphia, 
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travel.     Being  of  good  presence — standing  more  timn  i>  feet  in  height, 

well  educated,  and  an  accomplished  niiisician— he  easily  procured 
admisision  into  the  best  of  society,  married  an  Ameri- 
can girl,  and  established  himself  at  Duanesburg,  in 
New  York,  hut  was,  apparently,  never  naturalized. 

He  appears  to  have  taken  an  active  interest  in  agricultural,  scientilio, 

and  political  affairs,  and,  in  company  with 

Stephen  Van  Rensselaer,  became  one  of  the 

directors  of  the  railroad  from  Albany  to 

Schenectady,   a    charter    for    which    was 

granted  in  i826.     The  death  of  his  wife  and 

twodaughters,  however,  caused  him  to  leave 

Duanesburg  and  turn  his  thoughbs  toward 

exploration  and  science.     He  therefore  re- 
moved to  Philadelphia,  where  he  established, 

in  1831,  the  journal  above  mentioned. 
In  1834,  and  again   in  1835,  he  was  iip- 

puinted  a  Government  geologist,  but  his 

work  was  extremely  superficial  and  of  ntily 

historical  interest     Concerning  his  work  in     ^"'-  ao-Gmnre  wiiiiam  r™iher- 

the  elevated  country  lying  between  the  Mis-  ""''    "*  ' 

M>uri  and  Red  rivers — the  Ozark  region^and  his  i^ultsetjuent  work  in 

the  upper  Mississippi  region,  AVhitnoy,  after  numerous  quotations, 

remarks:" 

From  the  above  it  will  be  Heen  that  this  iKMslled  ^eoli^ical  rcconnaixeancv  was 
about  as  worthleas  rubbinh  bb  could  well  Ik-  irat  together,  neither  corrwtlyilescribing 
any  facta  which  came  under  (heir  author'f  observation,  nor  ^ving  any  theoretical 
viewe  trorthy  a  moment's  notice,  except  from  thfir  absurdity. 

The  year  1831  seems,  on  the  whole,  to  have  l»ecn  singularly  une- 
ventful in  geological  history,  but  few  papers  of  importance  appearing, 
although  undoubtedly  a  large  amount  of  hard,  preliminary  work  was 

being  done. 
TUSSm^^Mi^t.      Perhaps  the  most  important  event  of  the  year  was 

the  establishment  of  the  State  geological  survey  of 
Tennessee,  with  Gerard  Troost,  then  professor  of  geology  and  chem- 
istry in  the  University  of  Na'^hville,  but  formerly  of  Philadelphia,  at 
iti*  bead.  This  survey  continued  in  existence  until  1845,  during  which 
time  eight  anniutl  repoi-ts  were  made,  the  first  two  of  which  were  not 
published.  The  third  report,  made  in  O-tolier.  1S35,  comprised  but 
S-*  octavo  pages  and  dealt  particularly  with  the  extent  of  the  coal 
formations  and  investigations  of  the  soil,  marls,  and  iron  ores.  It  wa.s 
ac<-ompanied  by  ageological  map,  in  which  the  coal  area,  colored  in  pink, 
was  indicated  as  extending  in  a  gradually  narrowing  l>elt  from  the  north- 
eaxt  to  the  southwest  in  the  region  lying  west  of  the  Teimes.'ipp  River. 


A  Upper  Missimippi  Lewi  Kp);ii)n,  ISti:!,  ji.  HO. 
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Troovst'.s  fourtli  report  appeared  in  1887,  in  form  of  a  pamphlet  of 
37  pa^es.  Of  these  the  first  20  were  given  up  to  a  general  exposition 
of  geology,  as  he  understood  it.    This  was  followed  by  a  description  of 

that  part  of  the  State  lying  south  of  the  Hiwassee 
Report  ^im"?**         River  and  east  of  the  Tennessee,  and  known  as  the  Ocoee 

distiiet.  A  map  of  this  district  and  a  colored  geolog- 
ical section  were  given,  the  latter  extending  in  a  general  northeast 
to  southwest  direition  from  the  Tennessee  River  to  a  point  near 
Nicajack.  The  entire  area  to  tlie  point  of  the  intersection  of  the  Chatta- 
nooga Creek  was  colored  as  occupied  by  *'grauwacke,"  with  outcrops 
of  primordial  limestone  coming  to  the  surface  near  Cm|ua Creek.  The 
region  to  the  west  of  Chattanooga  Creek  was  represented  as  underlaid 
1)\'  mountain  limestone,  with  the  Coal  Measures  forming  Lookout 
Mountain  and  Raccoon  Mountain.  These  Carboniferous  rocks,  it 
should  ))e  noted,  were  indicated  as  unconformable  with  all  other  rocks 
of  the  region. 

The  fifth  annual  report  was  made  November,  1839,  and  comprised 
all  told  75  pages,  including  an*  appendix.  This  was  accompanied  by 
a  colored  geological  map  of  the  State,  the  first  which  had  thus  far 

appeared,  and  also  a  colored  section  across  the  entire 
Annu^Ve|i^!t.         State    from    Roane  Mountain,  in  Carter  County,  to 

Randolph,  on  the  Mississippi.  On  this  map  the  Roane 
Mountain  rock  was  colored  as  primordial,  mostly  granite.  An  area 
from  and  including  the  Smoky  Mountjiins  to  a  point  a  little  west  of 
Kingston,  on  the  ( 'linch  Riv(M-,  was  colored  as  transition,  composed 
of  gra\' wacke,  shite,  limestone,  and  sandstone,  all  alternating  with  each 
other,  and  in  strata  highly  inclined  and  dipping  toward  the  southeast. 
From  the  last-nani(Ml  point  to  the  Tennessee  River  the  country  was 
stilted  to  l)e  underlaid  hv  moimbiin  limestone  horizontallv  stratified, 
upon  which  rested  the  Cumberland  Mountiiins,  composed  of  Coal- 
Mcmsure  rocks,  mostlv  horizontallv  stratified,  and  the  Buffalo  and 
llarpeth  hilN,  just  oast  of  the  Tennessee  River,  which  were  put  dow^n 
as  formed  of  siliceous  strata,  assuming  somt^times  an  earthy  appear- 
ance, sometimes  that  of  ch(U*t,  and  horizontally  stratified. 

The  n^gion  west  of  the  Tennessee  was  giv(Mi  as  mostly  occupied  by 
secondary  sti'ata  composed  of  ('retaceous  marl,  greensand,  and  clay, 
horizontallv  stratiticnl. 

It  should  be  noted  that  Troost,  while  seemingly  recognizing  the 
importance  of  th(»  fossils  carried  by  tin*  rocks  of  various  ages,  did  not 
attempt  to  utiiize  thcni  systcMuatically  as  means  of  correlation.  On 
pag(»  1.^,  however,  lie  wrote: 

The  lowest  [tart  <»t  tin-  sirainm,  wlurf  it  is  near  the  enerinital  limestone,  often 
contains  inoinlHMs  of  l!ntriiiit«'-.  an«l  otln-i'  h»ssilsnf  that  stratum,  an«l  are  invariahlv 
of  a  calcan'ons  natnrr.  Thi-  >lio\vs  that  th«»  f«»jiiiation  of  thoHt;  siliceous  Strata  is 
more  or  loss  (•ontrm|>oraneon'^  w  ith  the  cncrinital  strata. 
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The  conditiun  of  pHleoiitological  scienwat  this  date  (18:-!:;).  so  far  as 
it  related  to  the  Trilohites  at  least,  is  shown  by  Dr.  Jacob  Green's 
Monograph  of  the  Trilobites  of  North  Ameri<'a,  a  duodecimo  volume  of 
93  pages  and  one  plate  of  ten  tigures.  Thirty-three 
o™  ■  Mooofrivb.  ype,.jpy  were  described.  Ip  a  supplement  bearing  dat« 
of  1835  thiH  numlwr  was  increased  to  forty.  A  series 
of  t-H8toi,  exHUiplfe-i  of  which  are  still  to  be 
found  in  many  of  our  ediicatiuiial  institu- 
tioni4,  Mci-ouipanicd  the  original  publication. 

The  true  nature  of  the  Tn'M/ic  wai  at  timt 
time  not  well  understood.  Green  himself 
f4e«*nisattii-ttt  inclined  to  agree  with  Lativille, 
who,  owing  to  their  supposed  footless  ctm- 
dition,  placed  them  intermediate  l>et\ve<'n 
the  Chitonx  and  the  Articulates."  Biong- 
niart.  Dekay,  and  others,  it  will  be  rcm<'in- 
N'red,  comsiderod  them  as  belonging  to  the 
Eiit'/uiiHit  1111-11. 

A  contemplated  chapter  on  this  brandi  of 
the  subject  remained  unwritten,  since  tlic  iiu- 
t  hor  felt  that  all  matters  r)f  dispute  were"  |)Ut 
to  rest  by  the  late  discovery  of  some  liviiij.'  trilobites  in  the  southern 
seas."  Concerning  the  exact  iwsition  in  the  zoological  scale  of  these 
"living"  forms  there  still  exists  some  dou))t.  Dr.  James  Eighth!,  who 
originally  described  them  under  the  name  of  SjiH-ri'inn  hitiiinntifuriiils, 
seems  to  have  regarded  them  as  Isopods.  Huinuins,  in  his  Geology  of 
the  Second  District  of  New  York,  on  the  other  hand,  r-'forred  to  them 
as  Trilobites,  while  Zittel,  in  tiie  latest  edition  of  his  HandlMok  on 
Paleontology,  refers  them  once  more  to  the  IsojukIs. 

Green's  ideas  as  to  the  value  of  fossils  as  indices  of  geological  age 
were  not  as  advanced  as  thase  of  most  of  his  colleague^  or  iis  his  time 
would  lead  one  to  expect.  After  quoting  some  of  the  prevalent  opin- 
ions, he  adds  in  a  footnote: 


FlQ.  21.— Jscub  Green. 


8  from  either  lliei 


N'othiag  ■»"  t*  more  opjKjitecl  ^ll 
famislion  or  tlie  cuin|«™tive  ap'  <jf  n 
temaiiu)  lliey  prei^nt. 

Concerning  Brongniart's  expressed  opinion  relativ 
derating  value  of  fossil  over  lithological  criteria,  he  w 

This  tn^my  to  lu  to  imply  un  admJHsiuri  tlmt  milKiiij^  ili'liiiiti- 1 
X\\*!  nature  of  ihCTKn-kf;  miiiv.iver,  llml  l>i>l«ifri  tlie  iiHlnrt-nl  lli.-r 
reraaine  there  may  bea  jialjialile  iliwrejani'v.  *  •  *  Tlif  fve 
what  we  have  already  iiientioiie<l,  thai  iin  I'vidciKv  k'  [i>  jirinr 
fnim  the  nature  of  the  foasil  reiiiaint>  'lii'jilHyi^l  in  |iarli<'iilar  I'lrn 

"The  Trihbitee  have  sim^e  Ix-eii  sIh.h n  t..  have  i 

-VAT   MUS   IflO* ^aO 


y  of 


l()  the  prepoii- 
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And  this  from  a  paleontologist! 

Although  the  geological  map  referred  to  on  page  219  was  the  most 
important  of  Maelure's  works  and  the  one  upon  whicrh  his  fame  as  a 
geologist  largely  rests,  th(M*e  are  at  least  two  papers  of  later  date  that 

are  worthy  of  consideration.  The  first  of  these  bears 
the  West  Indies,        the   title  Observations  on  the  Geology  of  the  West 

1832. 

India  Islands  from  Barbados  to  Santa  Cruz,  Inclu- 
sive. This  was  printed  for  the  author  in  pamphlet  form  in  1832, 
w^hile  he  was  at  New  Harmony,  Indiana.  The  mineralogical  nature  of 
the  materials  composing  the  islands  was  noted  as  well  as  many  of  the 
structural  features.  He  thought  to  divide  the  islands  into  two  distinct 
classes  on  geological  grounds,  the  first,  oi*  most  eastern,  comprising 
the  islands  of  Barbados,  Marie  Galante,  Grande  Terre  in  Guadeloupe, 
Desirade,  Antigua,  St.  Bartholomt^w,  St.  Martin,  Anguilla,  and  Santa 
Cruz.  These  he  found  composed  mainly  of  shell-limestone  or  madre- 
pore rock  belonging  to  the  transition  class,  though  sometimes  capped 
by  secondary  rocks.  The  second  class,  including  the  Grenadines,  St. 
Vincent,  St.  Lucien,  Martinique,  Dominica,  Basse  Terre  in  Guade- 
loupe, Montserrat,  Nevis,  St.  Christopher,  St.  Eustatia,  and  Saba, 
were  more  or  less  volcanic  and  regarded  as  probably  thrown  up  from 
the  bed  of  the  ocean.  Such  an  origin  he  felt  to  be  proven  by  their 
containing  intenninglcd  masses  of  volcanic  rock  and  coral  or  madre- 
pore limestone.  The  idea  that  volcanic  activit}'  was  dependent  upon 
combustion,  as  the  word  is  conunonly  used,  still  prevailed  with  him, 
and  from  the  fact  that  the  line  of  islands  corresponded  closely  with 
the  strike  of  the  rocks  composing  them  he  thought  that  the  seat  of 
combustion  probably  existed  in  some  strati  tied  substance  running  par- 
allel to  the  general  stratitication  of  the  surrounding  rocks.  Further, 
since  he  found  on  the  islands  soufrieres  which  deposited  sulphur  as 
well  as  formed  alum  rock,  Ik*  concluded  that  sulphur  was  one  of  the 
combustible  inorcdients. 

Maclure's  second  paper  referred  to.  An  Essay  on  the  Formation  of 
Rocks,  or  an  In(|uirv  into  the  probable  Origin  of  their  Present  Form 
and  Structure,  appeared  in  1888.  In  this  the  rocks  were  divided 
^    .  ^  into  three  classes:    First.  The  Neptunian,  includinir 

Madura  on  the  i    •     i  •  i      i 

Formation  of  Rocks,    those  plainly  ot  a(|ueous  origui.     Second,  the  volcanic- 

and  third,  those  of  doubtful  origin,  under  which  head 
he  would  ])lace  gneiss,  mica,  and  clay  slate,  primitive  limestone^  sye 
nite,  granite,  greenstone,  etc. 

In  lcS.S*J  the  melancholy  Conrad  Ix'gan  the  publication  of  his  work 
,,  ^     .        ,  on  the  fossil  shells  of  the  Tertiarv  formations  of  North 

Conrad's  Tertiary  of  r^^i  •  i      ' 

North  America.  America.      I  Ills  maiKs,  according  to  Dr.  (1.  D.  Harris, 

•Mile  iM'ginning  ot   >ysteniatic  research  into  this  part 
of  our  continent'^  history.  * 

The  work  was  puliiished  in  parts  and  in  small  editions,  largel}"  at 
Conrad's  own  expense,  the  nmn(M*ous  |)late.s  of  illustrations  being  pre- 
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pui'fMl,  even  to  the  drawing  on  stone,  hy  himself.  Nos.  1  and  2  appeared 
in  1S32,  and  Xos.  Band  4  in  1833.  These  editions  earlv  became  ex- 
hansted,  and  in  181>3  a  new  edition  was  preparcnl  tlirough  the  instru- 
nirntalitv  of  Doctor  Harris.  It  will  be  well  to  mention  here  that  a 
second  edition  of  his  Medial  Tertiary  fossils  was  brought  out  this 
same  year  by  Dr.  W.  H.  DalU  working  in  conjunetion  with  the  Wag- 
ner Free  Institute  of  Philadelphia. 

The  work  of  1832-33  contained  little  of  a  strictly  geological  nature, 
being  mainly  devoted  to  a  description  of  the  various  fossil  inveite- 
brate%»  belonging  to  the  Tertiary  formations.  Conrad  divided  the 
Tertiary,  in  confomiit\' with  the  English  custom,  into  an  rpi)er  Marme 
formation,  a  Middle  Tertiarv  formation,  and  a  Lower  Tertiarv  for 
ination,  and  gave  the  geographic  extensions  of  each  so  far  as  they  are 
known. 

In  18S0  the  legislature  of  Massachusetts  jmssed  a  resolve  authoriz* 
iiig  the  appointment  of  a  surveyor  to  make  a  general  survey  of  the 
Commonwealth,  and  on  the  fifth  of  June  following,  on  the  reconunen« 

dation  of   (rovernor  Lincoln,  further  authorized  the 


■i WawfiMiwm,      appointment  of ''some  suitaf)le  pc^rson"  to  make,  in 

1SJ#   iaJ3    I64I. 

connei*tion  with  this  survey,  a  geological  examination 
of  the  region  involved.  On  February  2,  IsHl,  the  limits  of  the  geolog- 
ical 8ur\-ey  were  extended  so  as  to  allow  the  inclusion  in  the  report  of 
a  list  of  the  mineralogical,  Ixitanical,  and  zoological  productions. 

Prof.  Edwaitl  Hitchcock,  then  professor  of  chemistry  and  natural 
history  in  Amherst  College,  was  selected  as  the  "suitable  person,"  and 
presented,  early  in  1832,  a  rejK>rt  of  7'J  pages,  with  a  colored  geolog- 
ical map,  on  the  economic  geology  of  the  State.  Of  this  ♦UWJ  copies 
were  ordered  printed.  In  the  early  |xirt  of  ls3:3  rei)orts  on  the  to^x)- 
graphic  geolog}'  (87  pages),  scientific  g<*ology  (48<>  pages),  and  the  cat- 
alogues of  animals  and  plants,  with  an  appendix  rontaining  a  list  of 
the  rocks  and  minerals  descri lied  (24s  pages),  wen*  likewise  submitted. 

The  li^gislature  promptly  ac<'epted  tlu^se  r(»ports  likewise  and  ordered 
the  printing'of  1,200  copies,  including  a  reprint  of  the  report  tirst 
Diade.  Altogether  these  formed  an  (x^tavo  volume  of  ♦il)^  pages,  with 
niuneroU8  figures  in  the  t(*xt,  and  a  folio  volume  of  11*  plates,  includ- 
ing a  colored  map.  The  publication  of  this  re|x>rt  marks  an  epoch  in 
American  geological  work,  since  it  brought  to  a  successful  conclusion 
the  first  survey  of  an  entire  State  at  |)ublic  exix^nse."  It  is  true  that 
spasmodic  beginnings  had  i)een  made  in  North  and  S>uth  Carolina, 
but  such  were  so  lacking  in  i)readth  of  conception  and  failed  so  utterly 
in  execution  that  it  is  onlv  bv  courtesv  that  thev  can  be  <<)nsidered  as 

A  ft^  A  ft 

*hiflttqt<'a1  survevs  at  all.     Cnder  these  condition-^  a  detailed  review  of 
the  contents  of  the  re^Kirts  will  not  l»e  out  of  place  hen'. 

"Th«»  total  €»X|ieiist*  to  tlie  State  ui"  thi-  tlirt***  yrars'  work,  ex^Ill^•ivl•  nf  cnst  of 
pnntin}£.  was  $2,030. 
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In  the  consideration  of  tlie  application  of  Beauniont^s  theory  of 
mountains  to  those  of  Massachusetts,  Hitchcock  thought  to  find  six 
systems  of  strata  and  con  tern  [wraneous  uplift  in  the  State.  These  six 
systems  as  emuuenited  are:  (1.)  The  oldest  meridional  system,  (2)  the 
trap  system,  (8)  the  latest  meridional  system,  (4)  the  northeast  and 
southwest  system,  (5)  the  east  and  west  system,  and  (6)  the  northwest 
and  southeast  system. 

The  Hoosac  Mountains,  considered  under  his  oldest  meridional  svs- 
tem,  he  regarded  as  due  to  two  different  epochs  of  elevation,  the  last 
taking  place  after  the  deposition  of  the  new  red  sandstone,  as  was 
shown  by  the  slight  dip  (15^  to  "20  )  of  the  latter,  while  the  slates  and 
gneisses  of  the  range  stand  nearly  vertical.  The  force  which  gave 
rise  to  mountain  uplift  he  regarded  as  gravity  acting  on  the  crust  as 
the  nucleus  gradually  shrunk  away  in  process  of  cooling. 

Not  the  least  interesting  chapters  in  Hiti'hcock's  work  are  those 
relating  to  the  unstratitied  rocks.  Here,  under  the  name  of  greenstone^ 
he  included  the  entire  series  of  basic  and  intermediate  eruptives  now 
classed  as  melaphyrs,  diabases,  and  diorites.  Their  mineral  composi- 
tion was  stated,  however,  as  hornblende  and  feldspar,  though  the  min- 
eral identified  as  hornblende  has  been  proven  by  modern  microscopic 
methods  to  have  been  almost  wholly  augitt*.  Columnar,  compact, 
amygdaloidal,  and  porphyritic  varieties  were  recognized. 

Concerning  the  igneous  origin  of  these  rocks  he  professed  little 
doul)t,  and  he  accounted  for  their  appearance  in  the  form  of  continuous 
sheets  on  the  assumption  that  they  were  poured  out,  not  from  craters 
but  from  linear  openings  produced  by  the  shrinkage  of  the  earth's 
interior.  Thus  early  was  recognized  the  phenomena  of  fissure  erup- 
tions, as  later  developed  by  (leikie  and  others. 

Connnenting  on  the  occurrence  of  the  greenstone  in  ''veins,"  as  at 
Nahant,  he  expressed  the  opinion  that  the  slate  in  which  these  veins 
occurred  could  not  have  been  solid  at  the  time  of  the  intrusion,  this 
on  account  of  the  size  of  the  fissures,  which  seemed  to  him  to  be  too 
wide  to  have  been  formed  by  desiccation.  Evidently  the  possibility 
of  the  formation  of  these  fissures  by  dynamic  agencies  acting  on  con- 
solidated materials  was  not  then  realized. 

Under  the  name  oi  jp(u'plnjnj\w  included  the  compact  eruptive  rocks 
now  classed  mainly  as  aporhyolites  or  <|uartz  porphyries,  such  as  form 
the  cliffs  at  Marblehead.  and  an»  also  found  in  other  loi*alities,  as  Hing- 
hani  and  Mald(»n.  Their  porphyritic  structure  he  thought  could 
result  only  from  igneous  solution.  The  base  of  these  porphyries  he 
stated  to  be  of  compact  fc^ldspar,  which  he  regarded  as  formed  by  the 
melting  down  of  preexisting  feldspathie  rocks. 

The  slaty  structure  sometimes  shown,  and  which  is  now  recognized 
as  flow  structure,  he  regarded  as  representing  the  original  structure 
of  the  slaty  rock  from  which  th(»  porphyry  was  derived  by  fusion. 
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This  view  is  interesting  when  compared  with  those  i)iit  forward  nearly 
lialf  a  century  hiter  b}^  one  who,  working  under  the  misguided  T. 
Sierrv  Hunt,  argued  in  favor  of  the  sedimentary  origin  of  the  entire 
series. 

}Iitehco<*k  thought  it  probable  that  the  mica  slate  and  gneisses  of 
the  Hoosac  Range  passed  laterally  into  one  another,  owing  to  a 
decreasf*  in  the  amount  of  feldspar  in  the  gneissic  rock.  Such  a 
transition  seemed  to  him  as  possible,  whether  the  rocks  were  to  be 
regarded  as  direct  crystallizations  from  aijueous  solution  or  sedi- 
nientaries  crystallized  through  the  influence  of  heat.  He  himself 
was  iDclined  to  the  belief  that  these  schists  and  gneisses  were  meta- 
morphosed sediments,  since  he  could  conceive  of  no  chemical  process 
by  which  such  a  variety  of  minerals  as  those  contained  by  them  could 
have  crystallized  out  simultaneously  from  solution.  Such  a  crystalli- 
zation, he  argued,  would  be  differential. 

He  utilized  this  same  argument  in  writing  on  the  origin  of  the 
granites.  These  latter  he  looked  upon  as  resulting  from  the  melting 
down  of  other  rocks,  gneisses  ))eing  due  to  the  more  or  less  complete 
fusion  and  crystallization  of  feldspathic  sandstone.  The  deeper  lying 
portions,  which  were  most  highly  heated,  gave  rise  to  gmnitic  gneiss, 
and  those  further  removed  gave  rise  to  the  porphyritic,  lamellar,  and 
schistic  varieties.  It  will  be  of  interest  to  compare  these  views  with 
those  advanced  bv  Clarence  King  nearlv  fortv  vears  later. 

Hitchcock  classed  under  the  name  of  grayvvacke  the  siliceous  con- 
glomerate of  Dorchester  and  Rox))urv  (now  considered  as  of  Cambrian 
age),  and,  indeed,  every  conglomerate  sandstone  and  fragmentary  for- 
mation that  was  older  than  the  red  sandstone  and  coal  formation,  thus 
avowedly  following  Humboldt.'' 

Under  a  misapprehension  regarding  the  character  of  theamygdules^ 
he  included  under  the  name  of  rftrio/oid  trackr  the  mc^laphyr  of 
Brighton  and  elsewhere,  as  well  as  other  alteri^d  Paleozoic  lavas  found 
at  Hingham,  Needham,  and  Saugus;  also  the  siliceous  or  tlinty  slates 
of  Nahant  and  jasper  of  Newport. 

The  red  sandstones  of  the  Coiuiecticut  Vall(»v  were  rightly  set  down 
as  belonging  to  the  New  Red,  he  having  identitied  the  upper  portions 
of  the  bed  with  the  New  Red  sandstone  of  Kurojx^  through  the  presence 
of  "vertebral"  remains  found  at  East  Windsor,  Connecticut,  and  Sun- 
derland and  other  localities  in  Massachusetts,  lie  still,  however, 
thought  it  not  impossible  that  the  lower  portion  of  the  beds  might  cor- 
respond to  the  Old  Red  sandstone  of  Europe.  It  will  l>e  rememi)ercd 
that  in  the  American  Journal  of  Science  for  1828  he  considered  these 
upper  beds  as  belonging  to  the  coal  formation,  on  account  of  the 
included  thin  seams  of  bituminous  coals. 

"Humboldt's  Essay  on  the  Trend  of  Kocks  in  the  Two  HemisphereH  appeare^l  in 
1822. 
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The  Tertiary  forniatioiis  of  the  State  he  divided  into  two  treneml 
groups,  the  most  recent  being  made  to  include  the  beds  of  blue  plastic 
chiy  alternating  with  layers  of  white  siliceous  sand,  and  the  second 
division  the  plastic  clays  of  (iayhead  and  Nantucket. 

Naturally  the  drift  so  abundantly  distributed  over  the  surface  was 
attributed  to  the  action  of  the  Noachian  deluge.  *'  That  seen  about 
Cape  Ann  can  not  fail  to  impress  every  reasoning  mind  with  the  con- 
viction that  a  deluge  of  tremendous  power  nmst  have  swept  over  this 
cape.  Nothing  but  a  substmtum  of  s^^enite  could  have  stood  before  its 
devastating  energy.'' 

One  of  the  points  which  must  impress  the  reader  who  is  at  all  con- 
versant with  the  work  of  modem  physiographers  is  the  inability  of 
Hitchcock,  as  well  as  his  contemporaries,  to  understand  the  relation- 
ship existing  between  a  river  and  the  channel  in  which  it  flowed.  Dis- 
cussing the  course  of  the  Connecticut  River^  he  wrote:  ''The  ordinary 
laws  of  physical  geogmphy  seem  here  to  be  set  at  defiance,''  and  '*  the 
geologist  will  be  surprised  to  find  it  crossing  the  greenstone  ridge'"  at 
its  highest  part,  i.  e.,  through  the  gorge  between  Mounts  Holyoke 
and  Ton).  The  facts  that  he  deduced  from  this  and  other  like  illustra- 
tions are  that  *' surely  the  Connecticut  River  did  not  excavate  its  own 
bed,  but  the  gorges  through  which  it  and  the  Deerfield  and  Westfield 
pass  were  excavated  U)  a  considerable  dei)th  before  they  began  to  flow.*' 

The  student  of  to-dav  need  scarcelv  be  reminded  that  the  river  did 
excavate  its  own  channel  and  ran  in  essentially  its  present  position 
))ofore  the  warping  which  brought  the  trap  ridge  across  its  course  took 
place. 

Hitchcock  was  not  a  believer  in  the  doctrine  of  uniformitarianism; 
indeed,  while  perhaps  not  an  extreme  catastrophist,  he  combatexl 
vigorously  the  views  put  forth  by  Lvell  in  his  Principles,**  and  argued 
for  the  gn»ater  inttMisity  of  geological  agencies  in  the  earlier  periods 
of  the  eartlfs  historv.  Soin(*  of  his  reasons  for  this  belief  are  worthv 
of  attention.  He  believed  the  continent  to  have  been  elevated  above 
the  ocean,  not  little  by  little,  but  i)v  a  few  paroxysmal  efforts  of  vol- 
canic force.  Since  this  force,  as  acting  during  the  past  four  thousand 
years,  seemed  too  feeble  to  nvsult  in  th(»  elevation  of  a  single  mountain 
chain,  so,  he  argued,  it  must  hav(^  !)een  mon»  (Miergetic  in  previous 
epochs. 

The  fact  that  the  older  rocks  are  inon^  distorted  and  highly  meta- 
morphosed than  the  younger  was  also  regarded  as  indicative  of  the 
greater  intensity  of  the  earlier  productive  agc^icies.  Singularly 
enough,  the  near-shore  origin  of  IxhIs  of  conglomerate  was  not  real- 
ized, the  occasional  occurrence  of  such  among  sedimentary  ro<'ks 
being   regarded  as  due  to  the    *' occasional    recurrence   of    powerful 

''The  lif>t  e<liti<»n  of  tln^>  relel)ratt'<l  \Nork  upjK'areil  in  IH^iO. 
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delwu-Ios  of  wjitor/"*  the  like  of  which  can  not  \ye  produced  by  anv 
causes  now  in  operation. 

Concerning  the  origin  of  valleys  there  was  manifested  a  great  dearth 
of  knowledge.  ^*  I  am  in  doubt  whethtM-  there  is  more  than  one  valley 
in  Massachusetts  that  is,  strictly  sp<»aking,  a  valley  of  denudation/' 
that  being  the  one  lying  l)etween  Mount  To])v  and  Sugar  I^af.  The 
valleys  in  Berkshire  and  Worcest<»r  and  possibly  also  that  of  the 
Merrimae  River  were  regarded  as  primary,  iftore  or  less  nnxlitied  f)v 
deluges  and  other  abrading  agencies. 

Accompanying  this  report  was  a  volume  of  nineteen  plates,  com- 
prising a  colored  geological  map  of  the  State;  nine  general  and 
spcH^ial  views;  four  of  fossils:  a  map  of  tlie  valley  of  the  Connecticut; 
a  inap  showing  the  direction  of  the  stnibi;  two  plates  of  sections, 
three  of  which  ran  in  an  east  and  w<\st  direction  and  one  in  a  north 
and  south;  and  one  •' tabular  view"  of  the  rocks  and  their  imbedded 
minerals. 

On  the  map  the  ro<'ks  were  colored  as  belonging  to  six  groups,  as 
below.  It  will  \h^  noted  that  there  is  no  attempt  at  other  than  a  litho- 
logieal  classification  until  the  New  lied  sandstone  and  Tertiary  are 
reached. 
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6.  Hornblende  slate  a.sj!Ociate(l  with  trneiss. 
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17.  New  Re<l  sandstone. 

18.  Tertiary. 

19.  Diluvium. 

20.  Alluvium. 
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Deposits  and  mines  of  useful  minerals  were  noted,  amon^  them 
being  phimbago,  eoal,  peat,  lead,  iron,  copjHT,  and  man*jfanese. 

The  drawings  of  fossils  and  the  general  views  were  the  work  of 
Mrs.  Hitchcock. 

In  1837  Doctor  Hitchcock  was  commissioned  ))y  (rovernor  Everett 
to  make  a    further   geological    and    mineralogical    survt\v    in    which 
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(H'onomic  prohloiiis  should  Im^  of  priiimry  importance.  His  report 
appeared  in  the  form  of  Hou.se  Document  No.  52,  under  date  of  1S8S. 
In  1S8H  the  lejifislature  authorized  the  reprinting  of  all  the  reports, 
with  such  additions  and  corrections  as  the  author  chose  to  make.  This 
reprint  appeared  in  1S41  in  the  form  of  two  quarto  v^olume.s  of  8v51 
pages,  the  first  120  of  w  hich  are  given  up  to  a  discussion  of  the  soils, 
their  kind,  origin,  and  fertility. 

Hitchcock  here  followed  closely  Sir  H.  Davy,  Berzelius,  and  S.  L. 
Dana,  and  dwelt  particularly  upon  the  problematic  geine,  a  substance 
resulting  from  vegetable  decomposition  and  supposed  to  contain  all 
the  essentials  of  plant  food.  This  part  of  the  work  is  of  interest  as 
containing  C.  T.  Jackson's  expressed  and  well-founded  doubt  as  to  the 
existence  of  such  a  body,  and  a  long  letter  from  S.  L.  Dana  attempt- 
ing to  prove  the  chemical  unity  of  the  compound.  Some  twenty  pages 
were  devoted  to  fossil  fuels,  with  especial  reference  to  the  anthracite 
of  Worcester,  Massachusetts,  and  of  Rhode  Island,  and  the  bituminous 
coal  of  the  New  Red  sandstone.  A  list  of  peat  bogs,  with  reference 
to  their  possible  availability  for  fuel,  was  also  given.  Building  stones 
were  discussed,  and  two  pages  devoted  to  the  subject  of  rock  decay 
and  its  probal)le  cause.     Metallic  and  nonmetallic  ores  were  described. 

Many  of  the  views  expressed  in  the  early  reports  were  repeated  here 
with  but  slight  moditication.  He  still  adhered  to  his  six  distinct 
systems  of  strata  which  were  tilted  at  various  epochs.  The  oldest, 
called  the  meridional  system,  embraced  all  the  primary  rocks  l3'ing 
))etween  the  vallevs  of  the  Connecticut  and  Worcester.  The  second, 
or  northeast  and  southwest  system,  included  the  gneiss  range  in  the 
southeastern  pait  of  Worcest(»r  County,  the  central  part  of  Middle- 
sex, and  a  part  of  Essex.  The  third,  or  east  and  west  system, 
included  the  gneiss  around  New  Bedford,  the  graywacke,  and  a  large 
part  of  the  syenite,  pori)hyry,  and  greenstone  of  the  State.  The 
fourth,  or  Iloosac  Mountain  system,  embraced  all  the  rocks  between 
the  Connecticut  and  Hudson  livers,  except  the  trap  and  New  Red 
sandstone.  The  tilth  included  the  Ntnv  Red  sandstone,  and  the  sixth, 
or  northwest  and  southeast  system  of  I'ocks,  mainly  gneiss  occurring 
in  the  southern  part  of  the  State  bordering  upon  Rhode  Island.  In 
the  geological  ma})  which  accompanicMl  this  report  he  employed  ])ut 
six  colors,  which  marked  oil*  th(^  rocks  of  the  State  into  six  distinct 
groups,  the  members  of  each  of  which,  with  the  exception  of  the 
fourth,  w<'r(*  >(>  n<'arly  related  that  he  thought  th<\v  might  f)e  regarded 
as  l)elonging  to  the  same  formation.  Jn  his  tirst  group  he  placed  the 
granit(*,  sy<'nite,  greenstone,  and  porphyry:  in  the  second,  gneiss  and 
the  associated  hornblende  .slate  and  (juartz  rock:  in  the  third,  mica 
slate,  with  the  associated  quart/  rock  and  hornblende  slate,  talcose 
slate,  and  chlorite  slate;  in  the  fourth,  limestone,  steatite,  and  serpen- 
tine; in  the  tifth,  metamorphic  slates,  graywacke,  argillaceous  slate, 
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foiil  riK^sures,  and  tho  New  Rod  sandstone,  and  in  the  sixth  j^roiip, 
F^>cene  Tertiary,  diUivium.  and  alhiviiini.' 

Hitehcoi'k  deserihed  the  Conneeticiit  as  tlowin^  throuj^h  a  synclinal 
valley,  a  yalley  whieh  became  nearly  tilled  by  the  red  sandstone  deposit. 
This  last,  he  thought,  had  since  been  eroded  away,  so  that  the  yalley 
as  it  now  exists  may  '''in  some  sense''  be  considered  **as  a  yalley  of 
denudation.'^  Most  of  the  yalleys  in  Massachusetts  he  still  re^rded 
as  yalleys  due  ''to  the  eleyation  and  dislocation  of  the  strata/' 

He  noted  that  the  animal  remains  found  in  the  older  rocks  differed 
the  most  radically  from  thc^  existinjif  species,  and  also  that  the  organic 
remains  found  in  northern  |K)rtions  of  the  globe  corresponded  more 
nearly  to  existing  tropical  sj^cies  than  did  those  now  liying  in  the 
same  localities.  Further  than  this,  he  announced  that  different  sj>ecies, 
genera,  and  families  of  animals  began  their  existence  at  y(»ry  different 
epochs  in  the  earth's  history,  and  that  the  same  species  rarely  extended 
over  from  one  formation  into  another.  Xotwithsbuiding  this,  though 
giving  lists  of  fossils  found  in  rocks  of  various  horizons,  he  made  no 
attempt  to  determine*  their  relative  ages  by  means  of  them  and  regarded 
correlation  by  such  aids  as  impossible.  Following  Phillips  and  L^'ell 
in  many  of  his  statements,  he  yot  aimounced  as  a  principle  that  ''Rocks 
agreeing  in  their  fossil  contents  may  not  have  been  conteniporaneous 
in  their  deposition,"  although  th(\v  might  not  differ  greatly  in  age. 
*"From  all  that  has  l)een  advanced,"  he  wrote,  **it  appears  that  an 
identity  of  organic  remains  is  not  alone  sufficient  to  prove  a  complete 
chronological  identity  of  the  rocks  widely  sejwirattHi  from  each  other: 
but  it  will  show  an  approximate  identity  as  to  the  period  of  their 
deposition,  and  in  regard  to  rocks  in  a  limited  district  it  will  .show 
complete  identity.''  Where  both  the  mineral  nature  and  the  character 
of  fossils  were  identical,  identity  or  synchronism  would  be  iimch  more 
prolmble,  but  a  want  of  such  agreement,  so  far  as  it  related  to  minend 
character,  was  not  regarded  as  fatal  to  the  idea  of  synrhronism. 

He  argued  against  the  idea  that  the  stnititied  primary  rocks  are 
merely  thedetrital  or  fossilifenuis  rocks  altered  )»y  li<'at,  but  regarded 
them  rather  as  products  of  both  mechanical  and  chemical  action  by 
aqueous  and  igneous  agencies  when  the  temperatun*  of  the  <Tust  was 
very  high  and  l)efore  organic  Innings  eould  liv«»  upon  it. 

He  noted  that  the  dolomitic  r<H*ks  seemed  genetically  related  to  the 
lim«»stones,  but  his  ideas  as  to  the  method>  by  which  the  changes  had 
lKH*n  brought  about  were  naturally  somewhat  crude  when  considered 
in  the  light  of  to-day.  From  a  study  of  the  Held  relations  of  the  dt)l()- 
niite>  of  Berkshire  County  and  other  localities*  he  eaine  to  the  conclu- 
xion  **thatall  thei*ase.'«of  dolomiti/ation  in  Ma*»>a<hu.s<'tts  occur  either 
in  the  vicinity  of  a  fault,  or  of  unstratili«'d  rock^.  or  in  the  midst  of 
gneisH,  where  the  evidences  of  the  powerful  action  of  heat  in  the 
induration  of  the  limestone  and  the  obliteration  of  it>  >tnititication  is 
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as  great  iw  reHiiifc*  from  the  pi-esencc  of  ttiixtratitied  rocks."  The 
actiiiil  (lolomitiKiition  lie  thought  to  have  l)een  "probably  produced  by 
ga'*eous  siihliniatioiis,  (.-liiofly  of  L-arhoiiatf  of  niagTieaia,  which  pene- 
trated the  rock  after  it  hud  been  softened  by  heat  so  as  to  be  peraie- 
ahle."  In  some  instances,  however,  he  thought  it  highly  probable  that 
magnesian  limestone  had  been  deposited  directly  from  thermal  waterx. 
In  tieeking  an  explanation  of  the  fact  that  in  pausing  from  the  top 
of  Iloosac  Mountain  toward  the  Hudson  River  one  continually  meets 
newer  and  newer  rocks  which  always  appear  to  pass  under  the  older — 
ill  other  words,  that  there  is  inversion  of  the  stratu — he  came  to  the 
conclusion,  put  forward  with  some  hesitation.  "  that  these  rocks  have 
a(tuall,t  been  thiown  over  uito  an  mverted  position,  or  rather,  have 
Ijeen  so  tontortod  h\  a  force  acting  laterally  that  one  or  more  fokled 
axes  ha\  e  I)een  produced  " 
The  same  featuie  had  )>een  mentioned  in  his  report  for  1835,  but 
then  appeared  "too  im- 
probable to  be  admitted." 
His  views  on  the  subject 
were  illustrated  by  a 
sketch,  copied  in  fig.  iS; 
the  portion  above  the 
heavy  continuous  black 
ine  being  conceived  to 
lui\e  been  remored  by 
erosion.  Later  tins  ob- 
sei  vation  was  claimed  to 
lie  the  first  recognition 
of  the  true  character  of 
overturned  folds.  This 
was.  however,  disputed  by  H.  1>.  Rogers,  who  claimed  to  have  made  and 
published  similar  ol>servations  during  the  progrejw  of  the  New  Jersey 
survey  in  1«:W-S«J. 

Itelow  is  the  piiragniph  upon  which  the  claim  of  Kogers  was  appar- 
ently iML-icd.  Tlie  stiitenient  is  made  in  the  course  of  a  description  of 
the  various  axes  of  elevation  thut  have  given  rise  to  the  more  promi- 
nent physical  features  of  northern  New  Jersey. 

The  III' I  win  en  I  which  I'lftuttKl  Ji'tiiiy  Juin|),  nev^uie  to  have  been  everywhere  one 
ofexi'psi'ivi.- Huil'leiini')<H  unil  violeiii^-,  as  tlii'  strata  aliin);  its  anticlinal  msui  are  not 
imly  fni[ii('nlly  Tiiiirh  ihiiliii-ati'il  ami  hroki-ti.  )>iil  Ihoee  lyin)E  immediately  along  its 
iiortliwcfitiTn  baiM!  :irt!  in  Kcvirnl  jilai-PH  thrown  into  an  inverted  posture,  dippiog  not 
In  the  northweat,  but  in  tiiwanl  the  bam»  oF  the  hitl.^ 


"This  in  |)TOlwl>ly  i 

ereniTtolhc.i.iloinil 

6  Ueologj  of  Svvr , 


ri'lii'ftion  ci(  V 


earlif  r  |iut  forward  by  Von  Bach  with  ref- 
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The  idea  wa?*,  however,  brought  out  iiuich  uiore  clearly  in  a  coin- 
munication  made  bv  hini  before  the  Association  of  American  Geol- 
ogij^ts  and  Naturalists  in  1841«  an  abstract  of  which  wa.s  given  in  their 
Proceedings  and  in  the  American  Journal  of  Science  for  the  same 
year.  He  then  called  attention  to  the  ''inverted  dip"  observabh* 
among  the  rocks  of  the  Coal  Measures  (of  Pennsylvania)  and  ascriU^d 
the  same  to  a  great  force  acting  laterally,  folding  and  crushing  the  axis 
so  as  to  produce  this  inverted  dip  by  tossing  the  strata  man}'  degrees 
beyond  the  perpendicular,  thus  producing  the  present  apparent  dip  of 
the  lower  stratifi.  d  or  sedimentary  rocks  beneath  the  primary. 

In  \iew  of  the  observations  made  by  Eaton  in  18*20,  Steel,  in  1825, 
and  W.  B.  Rogers,  in  Virginia,  in  1888,  as  noted  elsewhere,  the  sub- 
ject of  priority  between  the  two  first  named  is  scarcely'  worth  discussi  ng. 

Heavy  demands  have  from  a  very  early  time  been  made  upon  elec- 
tric currents  to  account  for  all  sorts  of  geological  phenomena,  from 
the  formation  of  ore  deposits  to  the  production  of  slat}^  cleavage,  or 
even  the  uplifting  of  mountain  ranges.  It  is  not  strange,  therefore, 
that  Doctor  Hitchcock  should  have  felt  justified  in  making  slight 
draft  upon  it  to  help  him  over  some  of  his  minor  difficulties.  The 
peculiar  imitative  and  otherwise  interesting  forms  assunied  by  the 
ferruginous  concretions  found  in  the  Connecticut  Valley  demanded  an 
explanation.  '^I  know  of  no  agent,"  he  wrote,  -*that  could  have 
accomplished  this  (i.  e.,  the  separation  of  the  iron  from  the  menstruum 
which  held  it  in  solution)  except  galvanic  elect ricit}/'  and  again,  ''I 
.strongly  suspect  galvanism  to  have  l>een  a  chief  agent  in  concretions 
of  every  sort.'- 

In  the  report  of  1833,  and  again  in  those  of  1835  and  1841,  Hitch- 
cock called  attention  to  the  peculiarly  flatt<»ned  and  otherwise  distorted 
pebbles  in  the  conglomerate  at  what  is  lcx*ally  known  as  Purgatory, 
near  Newport,  Rhode  Island.  His  description  is  impoi-tant  in  view  of 
his  sul>sequent  writings  and  the  discussions  which  arose  in  connection 
thei'ewith.  The  subject  ma},  however,  well  go  over  until  his  later 
paper  of  18*31  (see  p.  510). 

This  final  report,  coming  at  the  time  it  did,  naturally  attracted  much 
attention  and  favorable  comment.  From  it  brief  preliminar}'  review  in 
the  American  Journal  of  Science  the  following  i)aragraph  is  selected: 

If  we  reflect  that  the  vast  mara  of  facts  ami  information  of  various  descriptionH, 
and  the  reasonings  and  infereni'eH  containe<i  in  thtf»e  colinnns.  are  ail  tlie  result  of 
untiring,  nay,  almost  Herculean,  efforts  of  an  in<Iivi(luai  niin<t,  eontinue<l  anion^  tiie 
harassments  of  i^onntant  profeHsionai  duty  during  a  j)eri<Hl  of  ten  years,  we  are 
encouraged  to  hope  that  we  may  yet  see  the  «lay  wlien  tlie  united  efforts  of  our  small 
army  of  working  geologists  now  laboring  in  the  common  cause  shall  reduce  the  whole 
of  our  widespread  territory  to  an  intelligible  jK'rfect  system. 

Although  our  sketches  have  thus  far  been  (»onfined  largely  to 
Americans,  either  by  birth  or  adoption,  the  times  with  which  we  are 
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now  dealiii»r  will  scarcely  iwrinit  U8  t^)  overlook  the  explorations  of 
flean  N.  Nicollet  throuohout  the  Middle  We-st. 

Nicollet  wa-s  born  in  France  in  179(>  and  came  to 
NiSuet***  America  in  1832  from  purely  financial  considerations, 

having  involved  not  merely  his  own  fortune  but  those 
of  friends  in  unfortunate  speculations.  His  main  scienti6c  work 
up  to  this  date  had  been  of  an  astronomical  nature,  and  it  is  perhaps 

natural  that  his  attention  in  a  new  country  should  have 
Work  in  turned  toward  exploration  and  map  makingf. 

From  1833  to  1838  he  was  engap^d,  with  the  coop- 
eration of  the  War  Department,  though  without  financial  assistance, 
in  mapping  the  region  of  the  upper  Mississippi.  From  1838  to  1841 
he  was  in  the  employ  of  the  Government,  completing  the  surveys 
and  maps  thus  begun.  Other  work  of  like  nature  was  projected,  but 
l>efore  plans  were  nnitured  his  health  gave  way  and  he  died  in  1843. 
His  geological  work,  under  the  conditions  mentioned  above,  was 
therefore  of  comparatively  slight  importance,  excepting  as  calling 
attention  to  regions  as  yet  but  little  explored. 

He  claimed  to  have  traced  the  Cliff  limestone  of  Owen  over  a  vast 
extent  of  country  in  the  Mississippi  Valle}'^,  and  connecting  his  own 
wM)rk  with  that  of  Owen,  Locke,  H.  King,  and  others,  felt  justified  in 
assigning  the  Falls  of  St.  Anthony  as  the  northern  limit  of  the  forma* 
tion.  In  this  he  was  correct.  He  added  to  the  knowledge  of  the 
geology  of  the  region  of  tlie  Sioux  and  Missouri  rivers  by  bringing 
in  important  Cretaceous  fossils,  both  vertebrate  and  invertebrate  in 
their  nature;  (iescrilnHl  the  occurrence  of  the  Indian  pipestone  (Cat- 
linite)  of  the  Coteau  des  Prairies  of  Minnesota,  and  correctly  described 
the  pseudovolcariO(»s  and  their  pumice- like  product  as  due  to  burning 
lignite*  beds. 

The  second  American  edition  of  Bakewell's  Geology,  from  the 
fourth  London  edition,  was  printed,  as  was  the  first,  in  New  Haven 
and  under  Sillimun's  su[XM*vision.     The  work  needs  notice  here,  as  it 

shows  Silliman's  irraduallv  expandiner  views  and  dis- 

Second  American  i      i  r     i  i*       i  i  i.  i»    • 

Edition  of  BakeweH's  position  to  shake  oti  the  shacklcs  of  tradition,  though 

still  rtoundering  in  the  deep  waters  of  the  Noachian 
deluge.  Of  particular  interest  are  his  remarks  on  the  nature  of  geo- 
loyficul  (evidence*  and  its  consistencv  with  sacred  historv. 

Silliinan  took  tlie  ground  that  there  was  no  reason  to  believe  that 
any  part  of  the  crust  of  the  earth  is  now  in  the  same  condition  as  first 
cr(»ated,  every  portion  having  been  worked  over  in  accordance  with 
physical  laws  wliirli  are  as  much  the  Creator's  work  as  are  the  mate- 
rials upon  which  thev  oi)erate.  Tnlike  some  of  his  predecessors  and 
contemporaries,  he  did  not,  howM'ver,  at  this  time  feel  it  incumbent 
upon  him  to  close  his  vyi's  to,  or  even  to  distort,  an}'  evidence,  that 
might  present  itself  in  order  that  it  might  not  conflict  with  the  state- 
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raent  of  sacred  history.  "Any  attempt  to  disprove  the  truth  or  ^en- 
uinene8ti  of  the  Pentateuch,  and  Genesis  in  particular;  is  wholly 
superfluous,  and  quite  aside  from  any  question  that  can  in  this  a^e 
be  at  issue  between  geologists."  *'No  geologist  at  the  present  day 
erects  any  system  upon  the  basis  of  the  scripture  history.''  But 
admitting  that  the  Mosaic  history  is  genuine  and  true,  he  felt  that 
one  might  with  historical  and  philosophical  propriety  conq)are  geology 
with  history  and  regard  historical  coincidence  with  observed  phe- 
nomena as  interesting,  "})ecause  they  are  mutually  adjuvant  and  con- 
tirmatory."  As  with  other  workers,  including  even  some  of  the 
present  time,  he  found  most  that  is  contirmatory  in  a  study  of  the 
drift  or  '^diluvial,"'  which  was  naturallv  ascribed  to  torrential  action, 
and  perhaps  concomitant  with  the  universal  deluge  recorded  in  (len- 
e^is.  After  a  somewhat  prolonged  discussion  of  the  meaning  of  the 
term  *' days,'' as  used  in  Genesis,  he  gave  the  following: 

TabU  of  caincUienren  Itetw^en  the  order  of  e rents  ns  dfnerihed  m  (icfiesiM  and  that  unfolded 

hff  geological  inreMigation*. 


In  (veneeis. 


No. 


DiwovertMl  by  jjeoloj^y 


<TeD.  I.  1,  2.  In  the  beginning; 
( Tod  created  the  heavens  and 
the  earth.  And  the  earth 
wai*  without  form  and  void; 
anil  darkness  was  upon  the 
UukX  of  the  deep;  and  the 
Spirit  of  God  moved  upon 
the  face  of  the  waters. 

3, 4, 5.  Creation  of  liffht 
6,  7, 8.  Creation  of  the  expan- 
sion or  atmosphere. 
9, 10.  Appearance  of   the  dry 
land. 


11,12, 13.  Creation  of  shooting; 
plants,  and  of  seed-bearing 
nerbaand  trees. 


It  i8  imiK>Hpible  to  deny  that  tbe  watern  of  the 
t<ea  have  formerly,  ami  for  a  lon^  time,  oov- 
ereti  those  magst^  of  matter  whicli  now  con- 
stitute our  highest  mountains; 


2  and, 

I  further,  that  these  waters,  durinj?  a  lonj?  time, 
did  not  Hup|K)rt  any  living  Inxiic^s. — Cuvier's 
ThtM)ry  of  tne  Karth,  sect.  7. 


H  1  1.  Cryptogamous  plants  in  tbe  coal  strata. — 
Siany  ol>ser\*ers. 
2.  Sj>e<'ii*s  of  tbe  most  ix»rtect  <leveloi)e<i  class, 
the  DieotyledonouM,  alrea<iy  appear  in  the 
[KTio<l  of  tbe  secondary  formations,  and 
tbe  first  tracers  of  them  can  1h'  nbown  in 
the  oldest  strata  of  tbe  si'condary  forma- 
tion; while  tbey  nninterruptedly  increase 
in  tbe  sucivssive  formations. — Prof.  Jame- 
son's remarks  on  tbe  Ancient  Flora  of  tbe 
Earth. 


U  to  19.  Bon,  moon,  and  stars 
made  to  be  (or  signs  and  for 
aeaaons,  and  for  days,  and  for 
ye^rn. 
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Table  of  coincidences  between  tfie  order  of  emits  n4t  described  in  (ienem  and  that  unfolded 

by  geological  inrestigalions — Continued. 


In  Genesis. 


No. 


20.  Creation  of  the  inhabitants 
of  the  waters. 


Creation  of  flying  things. 


21.  The  creation  of  great  rep- 
tiles. 


24,  25.  Creation   of  the  mam- 
malia. 


6 


Discovered  by  geology. 


ShellH  in  Alpine  and  Jnra  limestone. — Hum- 
boldt's tables. 

Fish  in  Jura  limestone. — Hnmboldt's  tablet*. 

Teeth  and  scales  of  fish  in  Tilgate  sandstone. — 
Mr.  Mantell. 


Bones  of  birds  in  Tilgate  sandstone.  —Mr.  Man- 
tell,  Geological  Transactions,  1826. 

Elytra^'  of  winged  insects  in  odeareons  slate, 
at  Stonesfield. — Mr.  Mantell. 


It  will  l)e  impossible  not  to  acknowledge  as  a 
certain  truth  the  number,  the  laigeness,  and 
the  variety  of  the  reptiles  which  inhabited 
the  seas  or  the  land  at  the  epoch  in  which  the 
strata  of  Jura  were  deposited. — Cavier's  Oe- 
Hem.  Foes. 

There  was  a  period  when  the  earth  was  peopled 
by  ovi[)arous  quadrupeds  of  the  most  appidl- 
inj;  magnitude.  Reptiles  were  the  lonu  of 
creation. — Mr.  Mantell. 


Bones  of  mammiferous  land  quadmpeds,  found 
only  when  we  come  up  to  the  formations 
above  the  coarne  limestone,  which  is  above 
the  chalk.  f> — Cuvier's  Theory,  sect  20. 


26,  27.  Creation  of  man 8 


No  human  remains  among  extraneous  fos- 
sils.— CUivier'H  Theory,  sect.  32. 

But  found  ccjvered  with  mud  in  caves  of 
Bize. — Journal. 


(TenesiSjVII.  The  fl<  km!  of  Noah, 
4,200  years  ago. 


i» 


The  cnist  of  the  globe  has  been  subjected  to  a 
great  and  sudden  revolution,  which  can  not 
be  datcHl  much  farther  back  than  five  or  six 
thousand  years  ago. — Cuvier*s  Theory,  32, 
88,  34,  :^,  and  Buckland's  Reliq.  Diluv. 


aSheathh. 

hOne  wjlitar>'  exception  is  .since  di>i<>ovi>red.  in  the  culeareoiui  Hlatc  of  Stonesfield.  in  the  bones  of  « 
•lidelphlA,  an  opo8Mum,  a  tribe  whose  iN>sitioi)  may  be  held  intermediate  between  the  oriparouii  and 
mammiferoiiK  race«. 

Perhaps  that  part  of  Profes.sor  Silliman's  work  which  showed  the 
keenest  insight  into  geological  problems  is  that  relating  to  the  Hubject 
of  ci'vstallization  in  nxks.  I'he  pi'oximate  causes  of  the  phenomenon 
were  recognized  as  heat  and  sohition. 

Tliere  is  no  doubt  that  fire  an<i  water  *  *  *  have  oj)erated  in  all  ages  in  pro- 
ducing mineral  crystallization.  Oi  thew,  however,  fire  api)ear8  to  have  been  by  far 
the  most  active,  *  *  *  and  there  is  every  reason  to  admit  that  even  granite  has 
been  melted  in  the  bowels  of  the  earth,  and  therefore  may  crystallize  from  a  state  of 
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igneone  fusioii.  If  this  be  trae  of  the  proper  crystals  of  granite  it  may  Ix-  alno  true 
of  the  inil)edded  cr\'stal8  which  it  contains,  and  therefore  of  all  other  crystals. 
Thoi^e  which  contain  much  water  of  crystallization  may  present  a  serious  difficulty, 
iHit  perhapfl  pressure  may  have  retained  the  water,  and  as  the  i>arts  of  the  mineral 
nmcreted  in  cooling  the  molecules  of  water  may  have  taken  their  place  in  the  regular 
(lolid.  Still  we  can  see  no  reason  for  excluding  w^ater  and  other  dissolving  agents, 
a<-ting  with  intense  energy  under  vast  pressure  and  at  the  heat  of  even  high  ignition, 
fnnu  pUtyY^g  a  very  important  part  in  crystallization.     (Pp.  433-434. ) 

This,  it  will  be  observed,  is  essentially  the  aqueo-igneous  theory  of 
eruptive  rocks,  and  could  scarcely  l)e  improved  on  to-day.  In  this 
connection  it  is  well  to  remember  that  Eklward  Hitchcock,  in  his 
(leology  of  Massachusetts,  1833  (see  p.  309),  inferred  the  igneous  orijrin 
of  granite  from  its  crystalline  structure,  ''since  substances  held  in 
solution  always  crystallize  in  succession,  while  in  granite  we  have  a 
solid  crystalline  mass  of  three  or  four  distinct  substances  which  evi- 
denth'  crystallized  contemporaneously.'' 

The  tendency  to  generalize  on  insufficient  data  is  evidently  inherent 
in  the  human  race,  and  it  was  to  be  exj^ected  that  it  should  early  make 
it*»  appearance  in  so  promising  a  field  for  speculation  as  geology  It 
'sNotioiw  w^  therefore  not  suiprising  that  Eaton,  after  his 
JSi^^  many  years  of  study  in  the  eastern  United  States, 
^****  should  have  ventured  opinions  concerning  the  little- 

known  West.  Basing  his  statements  on  observations  made  by  a  Mr. 
John  IJall,  at  one  time  a  student  of  his,  he  wrote  in  1834: 

The  geology  of  the  country  west  of  the  Rocky  Mountains  ie  remarkably  sin j pie  and 
uniform.  The  general  underlying  n>ck  is  the  red  sandptone,  which  gome  Knjrlish 
geologi?t«  call  Salifenms  nxrk,  and  which  charaeterizen  the  re<l  sandstone  grouj)  of 
De  La  Beehe.  It  is  the  same  which  .-ontains  the  salt  pprings  of  the  western  part  of 
the  State  of  New  York,  and  which  underlies  the  basaltic  roi-ks  (greenstone  trap)  of 
Connecticut  and  Hudson  rivers.  ♦  *  *  Wherefore  the  geology  of  the  east  and 
west  sides  of  the  Rocky  Mountains  is  remarkably  alike.  Mr.  Ball  says  the  R<K>ky 
Mountains  rises  up  from  the  midst,  as  it  were,  of  a  horizontal  sea  of  re<l  sandstone, 
ts  if  some  tremendous  force  had  driven  it  upward,  like  an  island  forced  up  from  the 
depths  of  the  ocean.  ♦  *  *  Mr.  Ball  considers  almost  the  whole  country  as  vol- 
canic ♦  ♦  ♦  near  the  west  side  of  the  Rockv  Mountains.  *  *  *  Mr.  Ball 
found  first  graywacke  and  sparry  lime  rock.  But  he  soon  entere<l  u\Hm  the  red 
sandstone  region,  which  continues  as  the  l>asis  roi'k  to  the  Pacific.  *  ♦  *  The 
fountry  is  often  very  mountainous  along  the  route  to  the  Pacific,  but  the  mountains 
tpe  red  sandstone,  grey  pudding  stone,  or  basalt.  Such  is  the  simplicity  and  uni- 
formity of  the  geology  of  the  vast  region  west  of  the  RcK'ky  Mountains  that  it  can  all 
be  told  in  one  sentence  of  six  lines. 

It  maj'  be  well  to  add  that  Mr.  Ball  himself  took  exception  to  some 
of  the  conclusions  drawn  by  Professor  Eaton,  and  later  published  in 
the  same  journal  his  own  views  on  the  subject.  These  may,  however, 
be  passed  over  here  without  comment. 


3S0 
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The  two  most  iniportimt  originul  contributions  of  the  year  1833  w»^re 
Hitfht'ock's  Massiu'husi^tts,  iilroudy  noted,  and  Isoac  Lea^B  CoDtrilm- 
tions  to  Geolofry,  thn  latlt>r  dealing  with  tbo.  Tertiary  of  Alabama. 
Maryland,  iind  New  .Tersey.    In  Lea'a  work  there  were 
Mai^r'iB33?"    brought  prominently  forward  for  the  first  time,  by  an 
American  writer,  the  Htrikinj^  changejf  that  had  taken 
plai-e  in  the  introdix-tion  of  the  Tertiary  fauna  and  the  close  {elation- 
ship  existing  lietwecn  that  fauna  and  the  fauna  of  the  present  day. 
Out  of  some  two  hundred  and  tifty  species 
of   invertebrates  found   l>y  Doctor  Lea  in 
the  blulTs  at  Claiborne,  Alabama,  two  hun- 
dred and  nineteen  were  not  referable  to  any 
known  apecies.  i.  e..  were  not  found  in  any 
of  the  k'ds  older  than  Tertiary  and  were 
new  to  science.     It  was  In  this  work  also 
that  the   iindonbted   pi-esence   in  America 
of  becis  referable  to  the  Eocene  of    Lyell 
Wits  recognized,  although  the  chanu-ter  of 
the  fossils  and  the  general  position  of  the 
beds   hud   been   already   noted   by   Conrad 
(p.  JtoT)." 

The  last  named,  the  year  following,  marked 

out  the  distribution  of  the  Eocene  in  Mary- 

ence  of  Pliocene  fossils  overlying  it  at  Vance's 

The   Fort  Washington  beds,  formerly 


Piis,  £<.— iBKuu  Lva, 


land  and  noted  the  mc 
ferry  on  the  Santee   River. 

regiirdi'd  by  him  as  Eocene,  he  now  su^ested  to  be 
NMribution  of  the     Tiii)re  reieiit  thiin  Lea's  Claiborne  beds,  and  perhaps 
contemixnaiieous  with  the  Miocene  of  Europe. 
In  1«;H  there  was  orgimi/ed  the  (Jeological  Society  of  Pennsylvania. 
_  According  to  its  constitntion: 

Thf  .jl)F<'ts  of  the  s.H'ieiy  an-  il.'riare.l  lo  W  f  am-rlain  as  far  aa  poeable  the 
naliirp  ami  flrucriire  ••(  tiji'  rmk  fnriiiitliniiM  uf  llii'  Sijile;  their  i/onnection  or  com- 
Onr>  tin  t  th  l^iH^"!!  "  I'll 'lif  iit'n-T  ii*rLiatiinis  in  the  Unitwl  Slat€8  and  of  the 
Ocok^cal  Society  of  ri'^t  i>f  tlii'  wnrlrl:  llie  f<<ssi]!>  tliL'v  contaiM,  iheir  nature,  positions, 

Penn.ylv.nl..  1NJ4.  ,  „^«.,„i,..„,.  „,„i  |K,rti.-.,lariy  the  line-  to  which  they  ran  1* 

applied  in  the  arts,  iiml  ihrir  sulwrvteiicy  I"  tli_e  iMiiifortH  and  conveniences  of  man. 

This  stH'iety  contimied  in  existence  but  four  years,  but  served  its 
apparent  piirix)se  in  bringiiifr  about  the  establishment,  m  1836,  of  the 
State  geological  stirvey   with   H.   D.    Hoirers  at  its  head.     A  single 

"This  iiithlicaiiiin  nj  \j>-a'>  h-l  In  a  iiii.'-iiiKlerr'tanding  with  C'<>tira<l,  or  rather  with 
Cotuwr^  frieiiiii;,  -Siy  iiikI  MnrtiMi,  ivliii  ffli  that  Doctor  Ix-a  van  ini'ading  Conrad's 
nail's.  DocIiT  l*a.  Imwi-ver.  ivnrlfeil  only  mi  niateriiil  he  hail  ret«ived  from  Judge 
Tait.  ]iri<ir  to  Cmirail'-^  entry  ii[»>ii  iht-  lield.  (Si^-  Pali's  Delermi nation  of  Dates  of 
1'iihlicatinn  ..f  fV.nmilV  K.."-»^ils  -.(  ihc  T.-rliiiry  Konnati.ms.  BuUqtia  Of  the  PhUo- 
s..].hi.-alS.ii..'ty  (.f  \Va-hin«t<,(t.  Xll,  is'i:;.  ,.]..  :'l.V:i40.1 
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volume,  in  two  parts,  of  '' Transactions,'"  numbering  upward  of  400 
page>,  tells  the  story  of  its  brief  existence.  This  contains  papers  by 
authors  now  for  the  most  part  little  known.  R.  C.  Taylor  wrote  on 
fui.x>ids  and  the  coal  fields  of  Pennsylvania  and  Virginia,  his  papers 
l)eing  accompanied  by  numerous  sections;  James  Dickson  had  an 
Essay  on  the  Gold  Region  of  the  United  States,  all  comprised  within 
the  limits  of  16  pages;  Jacob  Green  had  a  paper  on  a  Sulphated 
Ferruginous  Earth,  and  a  Description  of  a  New  Trilobite  from  Nova 
Scotia.  Others  were  by  Richard  Harlan,  (lenird  Troost,  Thomas 
Clenisen,  and  H.  Koehler.  Few  of  the  writers  or  active  members 
achieved  other  reputation  than  that  given  by  the  single  pu])lication, 
though  Taylor  became  an  authority  on  coal,  while  Harlan  and  Troost 
bei^me  later  widely  known,  the  one  as  a  vertebrate  paleontologist  and 
the  other  as  a  geologist.  This  society,  it  is  well  to  note,  was  the 
se^'ond  geological  society  to  l)e  organized  in  America,  the  first  being 
that  at  New  Haven  in  1819. 

A  brief  paper  by  William  Aiken,  professor  of  natural  philosophy 

and  chemistry  in  Mount  St.  Mary's  College,  Maryland,  published  in 

the  American  Journal  of  Science  at  this  time,  is  worthy  of  souie  con- 

*         ,     sideration   as   l>earing   upon   the   prevailing   theories 

McM  on  MoantaiB  regarding  mountain  uplift  and  incidental  phenomena. 

Professor  Aiken  wrote  on  the  geology  of  the  count iv 
lK»tween  Baltimore  and  the  Ohio  River,  and  gave  a  section  showing 
the  inclination  and  kinds  of  rocks. 

The  classification  conformed  with  that  prevailing  at  the  time,  the 
rocks  being  divided  into  (1)  a  primitive  series  in  the  immediate  vicinity 
of  Baltimore,  (2)  the  transition  slates,  sandstones,  and  conglomerates 
of  the  adjacent  county,  and  (8)  the  lower  secondary  rocks  of  the  \V(\st. 

Noting  the  reversal  of  the  dip  existing  between  Hancock  and  Cum- 
berland, he  wrote:  ''Beneath  this  space,  then,  we  are  authorized,  in 
concluding,  the  eruptive  power  that  was  instrumental  in  upheaving  the 
Appalachian  chain  wjis  most  energetically  exerted.  This  may  be  con- 
sidered the  true  anticlinal  region."  He  regarded  the  agent  so  efficient 
in  throwing  up  mountain  chains  as  igneous,  ''an  opinion  that  gains 
confirmation,  if  any  is  needed,  from  the  occurrence  of  thermal  waters 
along  the  center  line  of  the  Allegheny  region.''  It  is  apparent  froiii 
this  that  he  agreed  with  Daubeny  and  other  European  geologists  as  to 
the  volcanic  origin  of  these  springs.  Roger's  i)aper,  ascribing  them  to 
the  other  causes,  did  not  appear  until  eight  years  later  (see  page  872.) 

In  accordance  with  a  n»solution  passed   by  the  general  assembly  of 

Maryland,  February  25,  1884,  J.  T.  Ducatel.  geologist, 
AiezAsdcr's Survey    and  J.  II.  Alexander,  a  civil  engineer,  were  ai)i>oint(Ml 

•fJHaryluid.  1834.  ,        •       ,  j  ^  ^l       C*    f 

to  make  a  g<»ological  survey  and  n(»w  maj)  of  the  State 
This  survev  continueil  in  exist4'ncc  until  l.S4o,  during  which  tinn* 
three  annual  reports,  oru*.  on  the  outlines  and  physical  geography  of 
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Maryland,  one  on  the  new  map  of  Maryland,  and  one  on  the  Frostburg 
coal  formation,  were  issued,  the  latter,  however,  not  being  an  official 
publication. 

The  geological  reports  were  given  up  largely  to  a  discussion  of 
economic  matters,  such  as  the  character  of  the  soil  and  the  occurrence 
of  coal  and  ores  of  the  metals.  In  the  report  for  1833  the  occurrence 
of  fossiliferous  deposits  in  Prince  George  County;  at  Maryland  Point, 
in  Charles  County;  and  on  St.  Mary's  River,  in  St.  Mary's  County;  also 
at  Fort  Washington  on  the  Potoujai*,  were  noted,  but  none  of  the  fos- 
sils were  identitied  nor  any  suggestion  made  as  to  their  probable 
geological  age,  although  that  portion  of  Maryland  was  later  referred 
to  as  being  occupied  In-  Tertiary  ro(;ks.  The  rocks  comprising  the 
upper  part  of  Cecil  County,  the  greater  {portion  of  Baltimore  and  Har- 
ford counties,  the  upper  districts  of  Anne  Arundel  County,  and  the 
whole  of  Montgomery  County,  were  thought  to  be  generally  metal- 
liferous and  were  grouped  as  primary  or  primitive.  The  serpentinoutf 
rocks  were  looked  upon  as  of  importance,  as  likely  to  furnish  the  liasis 
for  the  manufacture  of  epsom  salts,  a  not  uncommon  opinion  at  that 
time.  On  the  map  prepared  under  the  direction  of  Mr.  Alexander  the 
lithological  nature  of  the  underl3'ing  rocks  and  the  character  of  the 
soil  were  indicated  by  names,  no  attempt  being  made  at  coloring. 

In  1885  Ducatel  visited  the  Eastern  Shore  of  Maryland  and  in  his 
reix)rt  for  that  year  gave  a  very  full  account  of  the  geography  and 
agricultuml  condition  of  Dorchester,  Somerset,  and  Worcester  counties. 
He  announced  the  ])rcsence  there  of  considerable  deposits  of  greensand 
marl,  which  he  believed  would  be  of  great  value  to  the  agriculturist. 
In  I83i)  ho  completed  the  geological  survey  of  Calvert  County  and 
made  extensive*  examinations  in  Anne  Arundel,  Prince  George,  Charles, 
and  St.  Mary's  counties,  where  he  found  further  deposits  of  marl.  In 
this  same  year  he  examined  the  coal  and  iron  deposits  of  Allegany 
County  and  pu])lished  a  geological  account  and  section  of  the  beds. 

In  his  rei)ort  for  1838  he  gave  a  general  account  of  the  mineral  re- 
sources of  Harford  County  and  outlines  of  the  geology  of  Harford  and 
Baltimore  counties,  with  a  short  treatise  on  the  subject  of  lime  burning. 

This  survey  was  rt^garded  by  Ducati^l  as  being  the  lirst  attempt  to 
connect  a  topographic  and  geological  survey. 

Ducatel  was  born  in  Baltimore,  where  his  father,  a  Frenchman, 
conducted  for  many  years  a  prominent  pharmaceutical  establishment. 
He  received  his  early  training  at  St.  Mary's  College  in  Baltimoi*e. 

subsequently  studying  in  Paris.  In  1824  he  returned 
Sketch  of  Ducatel.      to  America,  and  shortly  after  entered  upon  a  very 

successful  car(»er  as  a  teacher  of  the  sciences — chem- 
istry, philosophy,  min(M*alogy.  and  geology  serving  in  the  Mechanic's 
Institute  and  the  Tniversitv  of  Marvland  in  Baltimore,  and  St.  John's 
College  in  Amiapolis. 
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111  order  (hat  he  might  ilevote  hiiiwelf  mon-  fully  to  the  work  of  the 
aiirvey,  he  Hcvered  hin  connection  with  the  institutions  of  learning 
about  i8S8.  The  move,  however,  proved  an  unfortunate  one,  ii 
sur^'ev  wa>  shortlived  and  he  was  thrown 
Iwck  upon  his  own  resources. 

In  184H  he  visited,  in  the  cnpacity  of  a 
;foolopical  expert,  the  Lake  Superior  mining 
n-gions.  Through  exposure  while  there  he 
(•ontraeted  a  severe  ilhiess,  which  left  him 
in  an  enfeebled  condition  from  which  he 
never  fully  reiwvered.  He  died  from  eon- 
gestion  of  the  hrngs  in  1H4M. 

Ducatel  is  represented  to  us  as  a  man  of 
generous  traits  and  of  winning  eharaet^'r, 
ardent  and  enterprising.  Pliysically  he  was 
short  in  stature,  with  square  shoulders,  ))lack 

eyes,  dark  eoraplexion.  and  face  strongly     kio.  ai.—juiiimTiniokt.iiDiuacui. 
pitted  by  .tmallpox.     He  bent  forwai'd  and 

walked  with  a  nervous,  eiiergefie  step,  which  iH'tokeiuvl  the  ceaseless 
activity  of  one  ac4-ustonied  to  work  and  think  for  hinmclf. 

Few  publi<-ations  bear  his  name,  though  as  u  writer  for  the  Journals 
of  the  day  he  is  said  to  liave  )>een  quite  prolitie.  His  prineipul  work 
waw  a  Manual  of  Toxicoh^y,  which,  it  is  stated,  was  well  n'coived. 

In  .July.  l!S;W,  G,  \V.  Featherstonhaugh,  who  was  introduced  to  the 
reader  on  page  3til.  was  authoriiied  by  Lii-ut.  (.'ol,  .1,  J.  Ainrt,  acting 
under  instruction.^  of  the  War  Defntrtment.  to  make  a  geological  and 
mineralogical  survey  of  the  "elevated  country  lying 
J ■Tm)  "in'n"'* '  '**''^c<'"  tli^  Missouri  River  and  lied  River,  known 
under  the  designation  of  the  Ozark  MountJiins.""  The 
Burvey  was  duly  made  and  a  report  rendered  l>earing  the  tlate  of  Feli- 
niary  17.  183.'>.  This  eomprised  altogetlier  117  pages,  the  tirst  i'2  of 
which  were  given  up  mainly  to  a  disciission  of  general  principles  not 
gemiane  to  the  report  at  all,  )mt  which,  as  Indicating  the  condition  of 
mind  of  the  writer,  are  worthy  of  consideration.  He  regarded  the 
continents  and  islands  as  having  originated  through  an  c\|>ansive  su)>- 
I'-rninean  force,  and  Mreved  the  mineiid  veins  to  have  Irh-u  tilhyl 
from  Im-Iow.  rather  than  from  al)ove,  as  taught  liy  Werner, 

Granite  waa  regarded  as  an  igneous  ro<k.  and  designated  a.'-  "  ignige- 
iKMiB."  Gneiss  he  rect^nixedas  often  ims,-iing  intogninile.  while  ■■nme 
of  the  primary  limestones  he  thought  to  have  |>o.->sil>iy  "i-onie  from 
cpiitml  [wrtx  of  the  earth,  in  a  stale  of  aqueous  solution,  iin<l  to  have 
stilMHfuently  received  tln-ir  high  crystalline  chiinicter  from  Is-ing  in 
contact  witii  ignigenous  r(H:ks  in  an  incundcM-ent  state."     'In  the  c<ini- 


"  Tliix  ap|M«n  to  havt-  bevn  Un' 
1>>  tli«  tJMwral  KJvnnuomL 
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niotily  riHcived  opinion,  that  all  coal  !(*sult<»d  from  ve<^otable  mattor, 
he  took  exc(»ption,  and  thought  that  some  })eds  '*may  have  been  the 
result  of  outpourings  of  bituminous  matter."  The  wide  geogi-aphical 
distribution  of  ('arboniferous  rocks  west  of  the  Appalachians  and  in  the 
Mississippi  Valley  was  noted,  and  a  section  given  conn)rising  l,o2<) 
vertical  feet  of  these  rocks  and  overlying  shale  and  millstone  grit,  at 
Burkesville,  Kentucky. 

Passing  to  the  specific  part  of  the  work,  Featherstonhaugh  discussed 
the  occurrence  of  the  lead  oi*e  (galena),  its  distribution  in  loose 
pieces  in  the  soil,  and  its  relation  to  the  vein  material  in  the  solid 
rock,  Init  the  fact  that  this  superficial  layer  was  but  the  detritus  from 
the  decomix)sition  of  the  underlying  rock  does  not  seem  to  have  been 
realized  more  than  by  his  predecessors.  He  remarked,  however,  that 
the  disseminated  granules  in  the  limestone,  as  at  Isle  La  Motte.  fur- 
nislied  to  the  eye  ''suilicient  proof  that  the  stony  and  metallic  matter 
w(M'e  deposited  at  the  same  time,"  an  idea  not  altogether  different  from 
that  held  to-dav.  Further  on  he  noted  the  occurrence  of  the  ore  in 
pockets  or  cavities  tilled  with  red  clay  as  pointing  "to  a  projection  of 
this  metallic  or  mineral  matter  from  ])elow." 

He  described  the  hematite  deposit  of  Pilot  Knob,  Missouri,  and 
correctly  noted  the  improbability  of  finding  precious  metals  in  Arkan- 
sas in  paying  (piantities.  Magnet  Cove  he  regarded  a*s  having  been 
l)erhaps  *'one  of  those  extremely  ancient  craters  that  may  have  pre- 
ceded those  of  which  basalt  and  lava  are  the  pioducts." 

Althout^h  Featherstonhaugh's  standing  with  his  fellow-geologists 
does  not  seem  to  have  been  the  best,  sonu*  of  his  recorded  observations 
certjiinly  show  a  more  philosophical  mind  and  greater  ability  to  giusp 
the  broader  ])ro])lems  of  geology  than  do  those  of  many  of  his  contem- 
poniries.  Thus,  discussing  the  muddy  charact<'r  of  the  Mississippi, 
he  suggested  that  experiments  might  be  conducted  to  show  the  amount 
of  sediment  annually  brought  down,  whereby  we  might  approximately 
assign  a  chronological  period  for  the  origin  of  the  river,  the  eom- 
menc(Mnent  of  the  alluvial  deposits,  and  the  withdrawal  of  the  ocean. 
This,  so  far  as  the  pi'esent  writcM*  is  aware,  is  the  first  suggestion  of 
its  kind  to  Ix*  made. 

CommentiuiT  on  the  fact  amiounced  l)V  him  in  1S2S  and  since  con- 
tirm(»d,  that,  with  the  exce|)rion  of  the  Teitiary  and  sub  Cretaceous 
beds  of  the  coast,  no  locks  moie  rec<*nt  tlian  the  coal-bearing  series 
had  b<»en  found  in  tln»  Tnited  States,  he  suggested  that  the  American 
continent  might  in  reality  be  older  than  the  Kuropt»an.  This  also  is 
the  first  suirti'C'^tion  of  its  kind  to  i>e  found  in  our  litemture. 

The  i'<'jM>rt  was  accompanied  by  a  colored  g(H)logical  section  extend- 
iiiiT  from  th(»  Atlanti<-  at  New  »J(m*s<'v  to  the  Red  River  in  Texas.  On 
this  all  New  Jersey  and  Delaware  as  far  as  ( -hesapeake  Bay  were  col- 
ored as  occupied  by  superficial  sand  and  sub-Cretaceous  beds;  Mary- 
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land  to  the  west  of  the  Potomac  mainly  by  primary  granites,  j^neiss, 
and  slate,  with  a  narrow  hand  of  transition  limestone;  Virj^inia  i>y 
transition  limestone  overlaid  in  part  by  graywacke;  Tennessee  hy 
^ra^'wacke  overlaid  at  the  Cumberhmd  Mount^iins  b}^  C'arboniferous 
limestone;  Kentucky,  Indiana,  and  Illinois  by  Carboniferous  limestone; 
Missouri  and  Arkansas  by  Carboniferous  limestone  cupped  l)v  calctireo- 
siliceous  hills,  and  Arkansas,  from  a-  point  about  midway  between 
the  Fourche  and  Arkansas  rivers,  by  graywa<ke  capped  by  Old  Red 
sandstone  and  occasional  Tertiary  deposits,  w^ith  sub-Cretaceous  beds 
l>ej^inninj]f  aj^rain  at  the  Caddo  River  and  ext(Midinj(  nearly  to  the  Red 
River  in  Texas,  where  they  were  covered  \)y  a  ferruorinous  sandstone. 
It  was  a  reprint  of  this  section  in  the  Transactions  of  the  Geological 
Society  of  Pennsylvania  that  Lesley  referred  to  in  his  Historical  Sketch 
of  Cieoloji^ical  Explorations  as  "a  rambling-  description  and  a  worth- 
less ^^ological  section  across  the  continent  from  New  Yoi'k  to  Texas." 
In  1835  Featherstonhaugh,  again  under  instructions  from  Lieutenant- 
C<)lonel  Abert,  made  a  geological  reconnaissance  of  tlic  region  lying 
between  the  seat  of  government  and  the  Coteau  des  Prairies,  by  way  of 
Grt^en  lijiy  and  the  Wisconsin  Territory.  His  report,  issued  in  IS^O, 
formed  Senate  Document  No.  388,  coujprising  U\S  pages,  with  4  plates 
of  sections  and  diagrams.  In  this,  as  in  his  tirst,  there  is  a  large 
amount  of  preliminary  matter  of  a  very  general  nature.  He  noted 
that  Washington  and  Georgetown  were  underlaid  i)v  gneiss,  in  which 
were  perceived  evidences  of  an  "extensive  anliclinal  movement  by 
which  all  the  rocks  along  the  entire  length  of  the  Potomac,"  as  high 
up  as  the  great  bituminous  field,  had  been  ati'ected,  and  that  the  true 
dip  of  the  rocks  was  often  "'contradicted  by  the  cleavage."  This  was 
a  by  no  me^ins  unimj^orttuit  observation.  The  erosive  action  of  the 
river,  as  manifested  by  potholes  in  the  schists  at  (ireat  Falls,  was 
dwelt  upon  and  the  Seneca  sandstone  and  Potomac  breccia  d<'scribed, 
the  former  noted  as  often  airrying  anthracite  and  casts  of  calaniites, 
but  no  suggestion  as  to  the  geological  age  of  the  }>eds  wjis  giv(Mi.  Tiie 
CatOi'tin  Mountains  were  described  as  "composed  of  primaiy  slat<'s, 
sjindstones,  and  quartz  having  a  northeast  direction."  Referring  to 
the  relationship  existing  lietween  the  Potomac  breccia  and  the  lime- 
stones, slates,  and  shales,  he  wrote: 

We  thus  have  all  the  proofs  that  tlie  Atlantic  primary  cliain  has  coiue  np  fmm 
Wlow  through  the  liiiiesitone,  trituratinjj  and  l)reakiii^  it  n]>  iiitn  fra^Miuiits  of  rvt'ry 
nize,  whicfi  were  8ul)stMjuently  transported  to  tlit*  east  of  the  cliain  hy  a  <'urrent  from 
the  west,  an<l  tlep<»siteil  there,  intermixed  witli  the  de<'nmp«)sed  red  sliah*. 

He  concluded,  therefore,  that  the  Atlantic  primary  chain  was  ele- 
vated posterior  to  the  disposition  of  the  limestone,  "which  may  l>e 
considered  the  equivalent  of  tin?  lowest  beds  of  Mr.  Murchison's 
Silurian  rocks."  The  unsvmmetrical  character  of  {\w  folded  sand- 
tttooes  and  grits  at  Wills  Creek,  in  Maryland,  he  described  as  affording 
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cvid(Muo  "that  all  the  beds  had  been  bent  up  by  some  action  from 
l)elow,  and  that  from  some  inequality  in  the  action  or  from  some 
external  cause  the  bed  on  which  they  lay,  together  with  its  assoi'iated 
strata,  had  collapsed  toward  the  center  in  such  a  manner  that  the}' 
would  appear  to  have  been  thrown  up  into  a  vertical  position,  if  the 
uncurvated  part  had  been  concealed." 

In  remarking  on  the  constancy  of  the  phenomena  connected  with  the 
anticlinal  armngement  of  the  whole  series  of  Allegheny  ridges,  he 
ascribed  their  origin  to  an  elevatory  undulating  movement,  whereby 
"some  parts  of  the  strata  were  forced  up  into  the  anticlinal  form,  in  a 
constant  magnetic  direction,"  the  intervening  distance  between  each 
axis  or  ridge  being  at  the  same  time  probably  thrown  down  in  a 
ruinous  state.  As  the  land  arose  and  the  waters  retired  the  ruins 
would  graduall}^  be  borne  away,  leaving  the  valleys  as  we  now  find 
them. 

The  extensive  bituminous  coal  beds  of  Marvland  and  Pennsvlvania 
were  described,  the  coal  itself  considered  as  due  to  plant  growth  in 
situ,  and  not  to  drift. 

The  presence  of  Carboniferous  limestone  about  8  miles  from  Nava- 
rino,  Wisconsin,  was  noted  and  also,  but  erroneously,  at  the  Falls  of 
St.  Anthony,  in  Minnesota.  The  lead-bearing  beds  of  Dubuque, 
Iowa,  were  also  judged,  by  their  fossils,  to  be  Carboniferous.  In  this, 
also,  he  was  in  error. 

In  1835  there  was  organized  under  the  authority  of  the  legislature 
of  New  Jersey  a  State  geological  survey,  of  which  Prof.  H.  D.  Rogers 
was  made  chief.     The  survey  continued  until  1839,  the  final  report,  a 

volume  of  some  300  pages  and  a  colored  geological 
KwjiAfy.Tsjs!*    "^^^^^  bearing  the  date  1840,  the  first  annual  report 

being  issued  in  1836.  In  this  final  report  Rogers 
argued  that  nearly  the  whole  surface  of  the  region  occupied  by  the 
counties  of  Middlesex,  Monmouth,  Burlington,  Gloucester,  Salem,  and 
Capt*  May  was  at  some  former  i)eriod  upon  a  level  with  the  top  of  the 
surrounding  hills,  as  shown  by  the  finding  of  sandstone  strata  always  at 
about  the  same  elevation  and  in  the  horizontal  position  in  which  it 
wjis  deposited.  These  hills  he  regarded  as  hills  of  denudation,  that  is 
to  say,  as  formed  by  th(».  washing  away  or  laying  naked  of  the  strata 
which  formed  the  surface  of  the  region  about  them;  but,  looking  at 
the  matter,  as  he  did,  through  the  eyes  of  a  catastrophiflt,  he  was 
uiijihlc  to  say  "from  what  quarter  the  mighty  rush  of  waters  pro- 
ceeded which  swept  off  so  extensive  a  part  of  the  up[M»r  rocks." 

In  \'w\y  of  the  great  difference  of  opinion  which  has  existed  and  still 
(»xists  in  the  minds  of  geologists  regarding  the  age  of  the  white  lime- 
stone* near  Franklin  Furnace,  New  Jersey,  it  is  not  without  interest 
to  note  that  Rogers  himself  regarded  it  as  having  l>een  originally  the 
blue  limestone  of  the  district  invaded  at  some  period  by  mineral  veins 
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in  a  highly  heated  or  tuolten  state,  whereby  was  effected  a  series  of 
changes  similar  to  tho.se  known  to  be  caused  by  injections  of  trap  into 
similar  strata. 

In  his  tinal  report  Rogers  divided  the  rock  formations  of  the  northern 
division  of  the  State  into,  first,  a  group  of  primary  rocks  confined  to  the 
islands  and  the  vicinity  of  Trenton;  second,  a  group  of  older  secondary 
strata  confined  to  the  northwestern  portions  of  Sussex  and  Warren 
counties,  and  third,  a  group  of  middle  secondary  strata  lying  in  the 
broad  belt  of  country  between  the  southeastern  foot  of  the  Highlands 
and  the  boundary  connecting  Trenton  and  New  Brunswick.  With 
this  third  group  he  also  connected  the  trap  rocks  of  the  region. 

The  occurrence  of  graphite  in  the  altered  rocks  near  Sparta,  remote 
from  igneous  dikes,  and  its  nonoccurrence  in  more  than  very  trivial 
quantities  adjacent  to  the  dikes,  he  looked  upon  as  strongly  implying 
that  it  had  been  derived  '^  from  the  elements  of  the  blue  limestone 
it<§elf,  which  may  easily  be  proved  to  contain  an  adecjuate  quantity  of 
iron  and  carbon  for  the  production  of  this  mineral." 

The  great  thickness  throughout  which  this  limestone  had  undergone 
crystallization,  apparently  from  the  heating  agency  of  the  dikes  which 
traversed  it,  and  the  law^  which  he  traced  in  the  development  of  some 
of  the  minerals,  aifoixied,  as  he  felt,  unquestionably  strong  support  to 
the  theory  that  gneiss  and  other  primary  strata  had  once  been  sedi- 
mentary rocks,  converted  by  an  intense  and  widespread  igneous  action 
into  a  universally  crystalline  state. 

The  presence  of  carbonate  of  copper  diffused  throughout  the  tissur(»s 
of  the  shales  indicated  to  his  mind  that  a  considerable  portion  of  the 
metalliferous  material,  particularly  the  carbonate,  had  entered  the 
strata  in  a  gaseous  or  volatile  condition  and  not  in  that  of  igneous 
fusion.  The  iron  and  zinc  deposits,  on  the  other  hand,  were  '"un- 
equivocally genuine  lodes  or  veins'"  filled  with  "matter  injected  while 
in  a  fused  or  molten  state"  and  not  beds  formed  contempoi-aneously 
with  the  surrounding  rock. 

It  may  be  recalled  that  in  1820  Professor  Bakewell  visited  the  Falls 
of  Niagara,  and  on  his  return  to  England  pul>lished  in  the  London 
Magazine  a  short  memoir,  in  which  he  endeavored  to  show  that  the 

^  falls  were  once  at  Queenstown.     In  the  autumn  of  lh4<) 

thcOoyt  he  again   visited   the    falls  and   made  the  additional 

observation  that  the  river  at  one  time  probably  flowed 
through  the  ancient  gravel-filled  valley  extending  from  the  Whirlpool 
to  St.  Davids.  In  this  subsequent  research  has  shown  \w  was  emi- 
nentlv  correct.  Nevertheless,  his  observations  at  the  time  were  not 
wholly  accepted. 

In  1834  a  Mr.  Falrholme,  writing  in  the  London  and  Edinburgh 
Philosophical  Magazine,  accepted  Bakewell's  views  a.>  expressed  in 
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1S20  iind  put  forwanl  ((^Ktain  of  his  own  rolatiiifj  to  the  mt^  of  Imrk- 
ciittin^  of  the  falKs.  To  these  views  II.  D.  Rogers,  in  the  Ainericiin 
Joiiriuil  of  Science  for  1835,  took  serious  exception.  He  believed  that 
the  channel  helow  the  falls  hjid  been  formed  in  part  as  a  diluvial  val- 
ley and  by  some  far-sweeping  currents  which  denuded  the  entire  sur- 
face of  North  America  and  strewed  its  plains  and  mountains  with 
bowldei"s,  gravel,  and  soil  from  the  north.  '^The  passage  of  such  a 
body  of  water  over  the  surface  would  deeply  indent  all  the  exposi»d 
portions  of  the  land.  Rushing  in  a  descent  from  I^ake  Erie  to  I^ake 
Ontario,  from  a  higher  to  a  lower  plain,  and  across  a  slope  like  that  at 
Queenstow  n,  it  would  inevitably  leave  a  long  ravine."  Commenting 
on  this,  Silliman  remarked  in  the  same  journal  that  an  earthquake 
might  possibly  be  instrumental  in  producing  at  once  such  a  crack  in 
the  strata  as  would  diain  the  lakes  in  a  few  da3's  or  hours,  and  to  such 
an  agency  might  be  ascribed  the  channel  in  question.  (See  HallV 
paper,  p.  384.) 

Rogers  was  born  in  Philadelphia  in  1808,  being  one  of  four  brothers — 
James  B.,  William  B.,  Henry  I).,  and  Robert  Kmpie — all  of  whom  rose 
to  distinction  as  geologists  or  chemists.     When  not  quite  twenty-two 

years  of  age  he  l>ecame  professor  of  chemistry  an<i 
Ro»w5.**'"*^*         natural  philosophy  in  Dickinson  College,  resigning  in 

18;^1  for  the  purpose  of  going  to  Europe  to  complete 
his  studies.  He  returned  to  Philadelphia  in  1833,  and  in  the  ensuing 
winter  delivered  courses  of  lectures  on  chemistry  in  the  hall  of  Franklin 
Institute. 

In  is;^;")  he  was  (elected  professor  of  geology  and  mineralogy  in  the 
Univ(4\sity  of  Pennsylvania,  and  was  also  appointed  by  the  legislature 
in  the  same  year  to  make  a  geological  survey  of  the  State  of  New 
fFersey,  as  already  mentioned.  In  183(1  he  was  made  State  geologist 
of  Pennsylvania,  and  it  is  upon  the  work  done  in  thib  connei^tion  that 
his  fame  as  a  geologist  chiefly  rests. 

In  1857  he  wa^i  made  regius  professor  of  natural  historj'  in  the  Uni- 
versitv  of  (liasgow.  being  the  first  American  to  thus  receive  a  foreign 
apiK)intment.  As  was  the  case  with  his  brother,  W.  B.  Rogers,  he 
was  a  good  lecturer,  with  (juiet,  gentlemanly  Iwaring,  never  failing  to 
make  a  favorable  impression  upon  \\\>  audience. 

His  woik  in  Pennsylvania  showed  not  merely  great  administrative 
ability,  i)ut  also  the  power  of  mastering  fully  the  observations  of  his 
assistants,  making  therefronj  important  generalizations.  He  was 
un(|nestionably  the  IcMiding  structural  geologist  of  his  time.  That  his 
generalizations  and  the  th<»ories  he  deduced  will  hot  in  all  cases  hold 
to-day  in  no  way  reflects  upon  his  ability.  In  judging  his  work,  as, 
indeed,  judging  tiiat  of  any  of  his  pnHlecessoi*s  and  contemporaries, 
one  must  lake  into  consideration  not  merelv  the  condition  of  knowl- 
edge  at  the  tim(\  hut  also  the  conditions  under  which  they  worked. 
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<  )rii'  of  tho  most  unitiue  tijfiires  in  curly  Ainoriian  yeoloyy  was  that 
<if  Dr.  .laiiK'-^  (i.  Percival.  This  nian  was  lioni  at  Kciisinjrtoii,  Oon- 
in'ctii-tit.  Septflmlier  15,  1795,  and  graduated  at  Yale  CoUogw  in  lhl3, 
J  Q  pndvara  ftfter  whicli  he  studied  medicine,  receiving  the  degree 
c^SZocmt  **'  ^-  ^*  '"  l^'^*^'  ^"^  entering  upon  a  troiiliied  and. 

■ftj5-i84i.  to  his  friends,  tmiiblesouie  career,  which  terminated 

only  with  his  death  in  185«. 

lie  wrote  poems,  l)ec8me  editor  of  a  newspaper,  wa«  a  proof  ivader 
and  as.4istant  to  Noah  Webster  in  the  prepamti<in  of  his  dictionary, 
and  ret-eived  a  Government  appointment  as  surgeon  at  West  Point  apid 
afterwards  with  the  recruiting  «ervice  at  Boston.  But  no  form  of 
pnu'tical  work  seemed  suited  to  bis  taste,  and  he  gave  U]>  po.'iitiou 
aft^-r  position  that  he  might  devote  himself  to  liteniture. 

Peevif^h,  often  morbid  and  misanthropic  to  tlio  point  of  insanity, 
and  always  complaining,  tnilj'  such  is  queer  material  from  which  to 
make  a  geologist.  "Slender  of  form,  of 
narrow  chest  and  with  a  peculiar  stoop,  ii 
large,  tine  head,  dark  eyes,  and  inclined  to 
sharpness  of  features:  a  wardrobe  consisting 
of  little  more  than  a  single  plain  suit- 
hrown  or  gray — which  he  wore  suumier  and 
winter  until  it  became  threadbare.  He 
never  wore  gloves  nor  blacked  his  iKwt-;-" 
Such  is  the  picture  held  up  to  our  view  by 
his  contemporaries. 

A  geological  and  mineralogical  survey  of 
Connecticut  being  organized  in  l.s;i5,  Per- 
cival was  given  charge  of  the  geology  and 
C.  I'.  Shepard  the  mineralogy.  Shepard's 
report  appeared  in  1H37.     It  comprised  all 

told  some  188  pages,  but  was  not  acconijKinied  by  ii  map.  sections,  nor 
by  figures  of  any  kind. 

Percival's  report  was  long  delayed,  making  its  appcanincc  tinully  in 
1842,  It  would  seem  that  the  survey,  when  iniuignnited,  was  expected 
to  I)e  but  a  superficial  one,  yet  Percival  was  engaged  upon  il  for  live 
weary  and  laltorious  years,  each  year  rendering  his  researches  more 
minute,  until  he  had  collected  over  eight  thousand  sjx'cinu'ns  and 
made  record  of  dips  and  l»earings  still  moi-e  numerous.  The  !egi>- 
lators  demanded  a  rej>ort,  which  was  not  fortlwoniing,  and  tinally.  in 
IMl.  all  appropriations  were  withheld  and  an  abridged  report  pub- 
lished, much  against  Percivars  wishes.  This  volume  is  licyond  ques- 
tion one  of  the  least  interesting  of  any  issued  liy  any  State,  A  dry 
mass  of  iitliological  details,  with  little  or  no  discrimination  iH'twcen 
ini|)ortaut  and  unimportant  matters  —no  theories  nor  gern'nilities.  No 
one  for  a  moment  will  question  that  Percival  had  been,  as  he  clainu>d, 
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"laborious  and  diligent,"  yet  the  reader  who  seareheis  from  cover  to 
cover  for  other  facts  than  lithological  characteristics,  dip,  and  strike 
will  search  in  vain.  The  fact  that  the  trappean  out]>ursts  were  not  in 
straight  and  continuous  lines,  but  curvilinear  in  form  and  cxHupying 
a  series  of  nearly  pamllel  fissures,  was  practically  the  only  break  in 
the  monotonv  of  detail.     He  wrote  to  a  friend: 

I  had  twice  surveyed  the  whole  State  on  a  regular  plan  of  sections  from  ea^i  to 
west,  reducing  the  intervals  in  the  last  survey  to  an  average  distanci*  of  2  niile&s 
thus  passing  along  one  side  of  each  of  the  nearly  5,000  square  mile*?  of  the 
Stat*\  *  *  ♦  I  had  examined  all  objects  of  geological  interest,  particularly  the 
rocks  and  their  includeil  minerals,  with  minute  attention.  I  had  scarcely  passed  a 
ledge  or  point  of  rock  without  particular  examination. 

Peevish  and  complaining,  Percival  evidently  could  not  be  made  to 
understand  why  he  should  not  be  allowed  to  go  on  indefinitely,  render- 
ing a  report  when  he  himself  should  be  satisfied  of  its  correctness. 
With  such  a  disposition  the  avemge  country  legislator  naturally  had 
no  patience,  and  the  abridged  report,  a  volume  of  495  pages,  with  an 
uncolored  map,  was  finally  printed  in  1842,  as  alreadj^  noted. 

Though  written  by  a  poet,  it  is  utterly  lacking  in  imagination,  and, 
aside  from  its  dullness,  remarkable  onl}'  from  the  fact  that  it  is  stated 
to  have  been  written  largely  from  memory.  The  subjects  considered, 
in  the  order  given,  were:  First,  the  rocks  or  consolidated  fomiations; 
second,  the  loose  or  unconsolidated  formations;  third^  the  soils;  fourth, 
economic  results,  and  fifth,  the  physical  geography.  The  rocks  were 
all  classed  under  three  heads:  First,  the  primary;  second,  the  sec- 
ondary, and  third,  traps,  the  distinctions  made  being  on  almost  purely 
lithological  grounds. 

In  lSo3  Percival  was  employed  by  the  American  Mining  Comi>an3' 
in  exploring  the  lead  mines  of  Illinois  and  Wisconsin,  and  in  1854  was 
apix)inted  Sttite  geologist  of  Wisconsin,  as  m>ted  elsewhere.  He  died 
in  iS5(). 

Jn  the  American  Journal  of  Science  for  1836  S.  P.  Hildreth,  later 
connected  with  the  geological  survey  of  Ohio,  published  what  was,  for 
its  time,  an  important  paper  relative  to  the  })ituminou8  coal  deposits  of 

Ohio  and  the  general  geology  of  the  Ohio  Valley, 
wo'^ic"" ohfo,  1836.  Although  Hildreth  was  inclined  to  indulge  in  specu- 
lations founded  upon  scanty  data,  his  paper  is,  never- 
theh\ss,  importiint  for  the  numerous  sections  of  the  coal  strata  and  as 
illustniting  th(»  condition  of  knowledge  at  that  day  relative  to  both 
coal  and  ])etr()leum. 

Hildreth  was  one  of  the  first  to  recognize*  the  enormous  amount  of 
subaorial  erosion  that  had  tiiken  i>lace  throughout  the  region,  and  that 
tlic  Ohio  Kiv(M-  had  carved  out  its  own  channel.  He  felt,  however,  that 
in  times  past  the*  precipitation  had  been  much  greater  than  at  present, 
and  the  al)nision  of  the  surface  by  rain  and  torrents  nmch  more  rapid. 
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Hp  thiiiiglit  to  recognize  in  the  MuHkin^nm  Vallev  Tortimv  ujkI  (Vr- 
lionifcniiis  rwkj*  with  New  Ked  .landwldne  oii  the  t'xtri'nu'  southern 
b«»r<kT.  while  on  the  Clear  Fork  of  the  J^ittle  Muskingum  he  nottnl 
the  owurrence  of  a  white  limestone  which  he  erroneounly  asui^ned  to 
the  Lias. 

Considerable  attention  was  (fiven  to  the  "•  mitriatiferomj"  rocks,  and 
be  noted  the  outt-ropping  of  a  o-foot  bed  of  coal  in  the  vit-inity  of  the 
!*lt  deposit  as  "evincing  apparent  design  in  Hlni  who  laid  the  foun- 
dations of  the  earth  in  the  greater  abundance  of  coal  in  (hose  pliufs 
where  it  would  be  the  most  useful,"  i.  e.,  in  tlif  eviiporation  nf  brine 
for  making  salt.  The  occurrence  of  petroleum  springs  on  the  Little 
Kanawha  he  thus  describes: 

Bv  opa^ning  and  IrxweninK  *ilb  a  spade  or  slmrpemii  ^liik,  thi-  s^vel  aii<l  saml 
*  •  •  the  oil  ripee  Ui  thi-  nurfaw  of  thv  waUr,  witli  wliii-h  tin-  trencli  is  [lartially 
filleti.  It  is  then  skimmeii  oK  witli  a  tin  cup  or  smni'  oDior  smtaiilc  \ 
up  in  Iwrrele  for  sale  or  dumestii"  Uf**.  In  this  « 
lei-teil  in  a  seasiu,  and  much  more  cimld  be  >nithercil 
if  ilentand  required.  In  the  adjai-ent  liill^  U  a  thin 
lied  i)f  coal  •  •  •  but  the  source  wht-nce  lliis 
petiDleiini  flows  muM  be  deep  in  Ihe  earth,  and  the 
nuiterial  which  furnisher,  vast  in  dinicnsiDnf.  The 
procii«  it*  one  of  miture'H  hidden  inyt'tertes,  carried 
on  in  her  necret  laboratory,  far  lieyomi  the  n-uch.  . 
ami  iuatx-eniible  to  the  curiosily  of  man. 

The  (wcurrenoe  of  gas  springs  he  also 
noted,  and  one  in  the  center  of  an  ui«^n 
tract,  "'given  to  the  public  by  the  lilwrality 
of  Washington,"  who  "  viewed  it  as  an  inter- 
esting natural  phenomenon  which  no  ]>arsi- 
monious  individual  ought  ever  to  appropri- 
ate to  his  own  benefit,"  is  described  in  some  f"-  -'■i— -•'"i"'"'!  rn-..nii  Hii'ir.tii- 
detail  and  the  same  reverential  spirit.  "'  There  ;ipi«'!irs  to  lie  wo  dimi- 
nution in  the  amount  of  gas  from  its  first  discovery  to  the  prescnl 
time.  The  .same  Almighty  and  lilK-ral  hand,  which  furui^hcd  the 
pereuniut  fountains  with  water,  hiiving  also  provided  this  gu-enus 
spring  with  the  means  of  an  exhaustless  supply." 

Hildreth's  supposed  dis<'Overy  of  the  Liassic  age  of  the  while  lime- 
stone,  noted  above,   was  later  disputed  by   .li 
chief  justice  of  the  supreme  court  of  Peiuisylvi 
credit  for  himself.     Both  were,  however,  in  er 
se<pient  investigation. 

In  1X36  there  was  organized  the  first  geiiloglci 

of  Ohio,  and  \V.  \V.  Mather  appoinle<l 
MbUht'* Ocotodcd    _,,  '  ,  ,  '^         .  ,  ,   ,, 

soncfafofato.         ihe  stirvev  lasted  two  years,  seemuig  to  have  fallen 

through  on  account  of  local  jealousies.     Two  annual 

nportj*  were  issued,  of  i;y  and  2Sii  pages,  respectively,  Ijoth  bearing 

date  of  inm. 
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Matnors  assistants  woro  the  S.  P.  Uildrcth,  just  mentioned,  who 
early  rosi^n(»(l  on  account  of  ill  health;  J.  P.  Kirtland,  Dr.  John 
Locke,  C  Brij^gs,  jr.,  J.  \V.  Foster,  and  C'harles  Whittlesey,  tin*  hi^t 
named  in  charge  of  topographic  work.  Mather's  own  work  was 
largely  of  an  econouiic  chanicter,  and  he  showed  here  as  in  his  later 
work  on  the  New  York  survey,  a  lack  of  discrimination  or  ability  to 
judge  of  the  comparative  value  of  the  different  subjects  with  which 
he  had  to  deal. 

Hildreth's  report  must  be  read  with  a  certain  amount  of  allowance, 
since  his  ill  health  and  conse(|uent  resignation  precluded  him  from 
making  certain  possible  modifications  of  his  earlier  statements.  He 
described  th<»  occur  reduce  of  New  Red  sandstone,  Lias,  Oolite,  etc.,  over- 
lying the  coal,  and  dwelt  to  a  considei*able  ext-ent  upon  the  iK)ssil>Ie 
value  of  the  buhrstone  and  also  upon  the  salt  springs. 

Locke's  report,  comprising  pages  201-286  in  the  second  annual,  was 
})}'  far  tlu^  most  satisfactory,  showing  a  much  broader  grasp  of  the 
general  subject  than  that  of  any  of  his  associates.  He  descril>ed  the 
rocks  below  the  coal  formation  as  having  evidently  l)een  deposited  in 
the  b(»d  of  a  deep  primitive  ocean,  though  he  failed  to  realize*,  or  at 
least  i^non»d,  the  value  of  the  fossil  remains  in  which  the  roi-ks 
abounded,  his  classifies! tion  l>eing  wholly  lithological.  As  pointed  out 
by  Orton,  moreover,  he  failed  to  correlate  the  meml>ers  of  the  series 
which  he  found  with  those  of  the  same  series  elsewhere. 

He  noted  the  innnense  amount  of  drift  material,  and  also  the 
scratched  and  grooved  surface  of  the  underlying  rock,  describing  it 
as  ''planished  as  if  i)v  the  friction  of  scmie  heavy  body  moving  over 
it  and  marked  by  parallel  grooves.''  He  regarded  such  as  having 
j)roi)ably  l)een  formed  })y  icebergs  floating  over  the  terrace  and  dnig- 
ging  gravel  and  bowlders  frozt^n  into  their  lower  surface.  In  this  he 
followed  Hitchcock. 

Hriggs's  reports,  comprising  scmie  seventy  pages  of  the  first  and  sec- 
ond annuals.  containtMl  nothing  of  more  than  very  local  interest.  A  sec- 
tion was  given  showing  the  relative*  position  and  thickness  of  thestrat^i 
in  the  counties  of  Wood,  Crawford,  Athens,  Hocking,  and  Tuscarawjis, 
but  no  atttMupt  was  made  to  refer  them  to  any  particular  geological 
horizon,  nor  was  the  value  of  fossils  recognized  at  all.  In  fact,  there 
was  })ut  the  brief(»st  allusion  to  fossils,  excepting  as  curiosities.  This 
s(»enis  the  more*  remarkai)le.  in  the  case  of  Locke  as  well,  when  we  con- 
sider that  these  regions  are  peculiarly  prolific  in  invertebrate  remains 
and  the  very  important  role  such  have  since  been  made  to  pla}'. 

To  Foster  was  assigned  th(»  geology  of  Muskingum  County  and  |>arts 
of  Licking  and  Franklin  counties.  He  classified  the  ro<*ks  of  the 
various  formations  of  these  regions  as  Alluvium,  Tertiary,  Coal  Meas- 
uH's.  liih'-grained  sandstone,  shale,  and  Mountiiin  lime.s tone,  and  noted 
the  presence  of  remains  of  a  mastodon  and  acasteroides  in  the  alluvium. 
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Whittlosey's  result?;  consisted  of ,  first,  a  brief  pamphlt^t  of  some  ei^ht 
paijT^s,  relative  to  the  general  topography  of  the  State,  and  second,  a 
re|x>rt  of  seventy -one  pages,  in  which  he  gave  geological  sections  of 
the  nK'ks  from  Cleveland  to  the  southeast  corner  of  the  Western 
Reserve,  with  miscellaneous  notes  on  the  order  of  the  strata  and  on 
roul,  limestone,  iron  ores,  mineral  springs,  etc. 

riu'  gtMieral  results  of  the  survey  may  l)e  summed  up  as  follows: 
TIh'  principal  formations,  as  indicated,  beginning  with  the  oldest,  are 
tirst,  the  great  limestone  deposit  (Silurian  and  Devonian)  which  was 
t^rroneously  regarded  as  equivalent  to  the  Mountiin  or  Carboniferous 
limestone  of  Europe.  This  was  found  in  Adams  County,  extending 
thenct^  to  the  western  oortion  of  the  Stnte.  It  was  felt  bv  Locke  as 
not  unreasonable  to  suppose  that  the  particles  composing  it  were  once 
hehl  in  aqueous  solution  and  subsequently  deposited  in  tran(|uil  waters 
along  the  bottom  of  the  ocean.  This  may  then  have  been  consolidated 
by  subterranean  heat.  Overhing  this  is  a  bed  of  shales  (Upper  Devo- 
nian) two  or  three  hundred  feet  in  thickness,  black,  fissile,  and  with  a 
fetid  odor.  Next  comes  Waverly  sandstone,  the  series  being  thus  first 
named.  Fourth,  a  conglomerate  cropping  out  on  the  western  border 
of  the  Coal  Measures  and  varying  in  thickness  from  80  to  loo  feet. 
Fifth,  a  lower  coal  series,  consisting  of  alternations  of  sandstone,  shales, 
limestone,  iron  ores,  and  coals,  some  3i)0  feet  in  thickness.  Sixth, 
buhl-stone.  Seventh,  the  upi^r  coal  series,  made  up  of  sandstones, 
shales,  coal,  iron  ores,  and  limestones.  Eighth,  the  Tertiary  deposits, 
under  which  head  he  included  the  prairies  or  i)arrens  in  the  western 
part  of  the  State,  and  the  pebble  beds  and  bowlders  of  primitive  rocks 
so  abundant  in  some  parts  of  the  Scioto  Valley:  and  ninth,  the  recent 
deposits,  including  as  such  those  now  forming  along  the  river  beds. 
The  ])eds  were  noted  as  having  generally  but  a  slight  dip  and  irregular 
undulations.  I^ocke  found  near  the  boundarv  of  Ohio  and  Indiana  a 
summit  level  and  an  anticlinal  axis  from  which  the  strata  dipjx^d  in 
op|)osite  directions,  eastwardly  in  Ohio  and  westwardly  in  Indiana. 
This  is  apparently  the  first  recognition  of  what  has  since  become  known 
as  the  Cincinnati  Uplift. 

Mather  was  educated  at  West  Point,  and  from  1821^  to  1835  was 
assistant  profei^sor  of  chemistry,  mineralogy,  and  geology  in  the  Mili- 
tary  Academy.     While   there    he    published  (1888)  a   text-l)()ok  on 

geology,  a  miniature  sixteen-mo.  volume  of  some  l;V.» 
Sketch  of  Mather,     pages,  which  seems  to  have  been  fairly  well  received 

at  the  time  and  is  stated  to  have  passed  through  sev- 
eral   editions. '^     A    photographi<'  copy   of  one  of  the  pages  is  given 

"  He*  also  |»u})lish('<l  in  1S.",4  a  .'5<>-|>a^t*  paiiipiilt^t  cntithMl  a  Skt'tih  of  tin*  ( ieolou'v 
ainl  Miiieralojry  of  Ntnv  London  an<l  \\'in<lliam  conntii-y,  in  ConiUM-tirnt.  thi*  Kini«* 
being  acroin{)anie<l  l)y  a  colureil  gi'olo^ii-al  map. 
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below  to  show  the  general  character  of  the  work  and  the  now  seeming 
crudity  of  the  illustrations." 


STRATIFICATION* 


35 


the  strata  appear  to  reet  against  the  sides  of  the  mountain 

maeses;    d  beins  the  moun- 
tain, and  a  a,  b  b,  c  c,  similar 
strata  of  locWs. 
d     \sX\       There  is  another  instance  in 

which  the  strata  may  not  ter- 
•  b  c  c  b  «  ininate  at  their  outcrop,  but 

appear  again  in  the  opposite  hill,  as  a  a,  but  b  6,  by  its 
prolongation,  would  pass  over  the  hill  C.  Where  the 
^  strata  are  nearly  hori- 

tf..^-  .  zontal    similar  strata 

are  almost  al  ways  found 
on  the  opposite  sides  of 
6  a  valley,  as  if  they 
had  been  formerly  conr 
tinuous,  and  the  valley 
since  formed  by  some  powerful  cause. 

There  is  another  point  in  relation  to  stratification,  (and 
it  is  also  applicable  to  veins^  in  rocks  that  are  not  stratifi- 
ed,) that,  from  its  practical  importance  in  mining,  sboulil 
be  well  understood.    The  bed  of  coal,  or  vein  of  ore,  ap» 

1^  pears  suddenly  to  termin- 
ate. When  this  occurs,  the 
h  bed  may  be  found  again, 
either  above  or  below  its  o- 
riginal  level.  At  its  appa- 
rent termination,  a  fissure* 
or  else  a  different  kind  of 
rock,  occurs,  generally  in  the  form  of  a  vein,  as  c  c.  Re- 
peated observation  has  sliown,  that  if,  at  the  apparent 
termination,  the  rock  culling  it  off  inclines  towards  you, 
so  as  to  project  over  your  head,  the  bed  of  coal,  or  other 
mineral,  lies  at  a  lower  level  on  the  other  side  of  c  c,  aa 
though  the  mass  of  strata  on  one  side  of  the  vein  had  slid 
down  to  a  lower  level.    In  the  figure,  a  a  and  b  b  repre- 

Does  the  same  stratum  ever  appear  on  the  opposite 
sijdes  of  vatlies  7  When  beds  of  coal  terminate  sudden-^ 
ly,  can  they  be  regained  ?  ana  how  7  What  has  been 
observed  of  ihe  positions  of  the  beds  of  coaly  in  refer' 
ence  to  the  sloping  of  the  vein  or  dyke  J 

Fig.  27.— Page  from  Mather's  Elements  of  Geology. 


*f  A  copy  of  thin  book,  in  the  po»4ession  of  the  present  writer,  hafi  the  follow  iiig 
I)rinUHl  in(lon»ement  pai^teij  on  tho  inside  of  the  front  cover: 

[Recommondation  of  Pr<)fo»«.M>r  Silliman.  of  Yale  College.] 

Dkak  Sih:  You  ask  my  opinion  of  the  Elcinentaof  (leolo^ry,  ft)r  the  iiFe  of  si^hools, 
])y  Win.  \\.  Mather.  I  think  that  it  in  a  judiciou^^,  correct,  and  i)t»r>^picuon8  work- 
containing',  in  a  small  compa>is,  a  pohition  of  many  of  the  mort  important  facts  and 
theoretical  views  in  ^'eolo^ry,  and  that  it  is  well  a<lapte<l  to  the  object  for  which  it 
wju^  written. 

Ynuis,  n's|HM'tfnlly, 

H.  SlI.I.lMA.V. 

Mr.  Wm.  Lf>tku,  Jr. 

New   IIavk.n,  .lam:  JS,  ldf/i4- 
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Mather  resigned  his  commission  in  1836  and  gave  up  his  time  wholly 
to  science.  He  was  for  a  short  time  professor  of  chemistry  and 
mineralogy  in  the  University  of  Louisiana,  but  in  1836  became  con- 
nect<*d  with  the  Ohio  State  survey,  and  afterward  with  those  of  New 
York  and  Kentucky,  as  mentioned  elsewhere. 

He  is  des<Tibed  as  a  large  and  robust  man,  with  great  capacity  for 
physical  and  mental  labor — a  man  "equable  in  his  disposition  and 
gentle  in  his  manners,  considerate  of  others  and  just  in  his  judgment 
of  them,  modest,  but  manly  and  self-reliant  and  thoroughly  versed  in 
the  branches  of  science  to  which  he  devoted  himself.'' 

With  a  view  of  directing  the  attention  of  the  legislature  to  the* 
ini{H>rtant  subject  of  a  geological  and  agricultural  survey  of  the  State 

of  Georgia,  the  patriotic  citizens  of  Burke  and  Kich- 
OcorvSS  *iS36^ '"     moud  countics  in  1836,  at  their  own  individual  expense, 

directed  Prof.  John  K.  Getting — 

t«>  make  a  ^^eolocrii^l  and  agricultural  survey  of  their  respective  counties.  To 
examine  all  localities  of  limeHtone,  marls,  and  all  other  nnneraln  useful  in  agriculture 
and  the  art**.  Also  rocks  that  may  be  proper  for  the  purpose  of  architecture,  the 
»-oni!tniction  of  roads,  railways,  etc.  To  examine  the  water  of  springs  and  wells 
with  reganl  to  the  salubrity  or  insalubrity  of  the  same.  To  analyze  the  soils  on 
different  plantations  in  the  two  counties,  with  a  view  to  their  im])roveinent.  To 
ilhi>-trate  the  whole  by  drawings,  diagrams,  and  a  chart  of  the  two  comities,  and 
to  present  a  report  of  the  same  to  his  excellency  the  governor,  in  order  that  it  may 
come  properly  before  the  two  branches  of  the  legislature  should  he  deem  the  subji'ct 
oi  sufficient  importance. 

In  conformity  with  these  instructions  Cotting,  in  the  latter  part  of 
March,  began  his  survey,  which  was  continued  for  eight  months,  the 
results  appearing  in  the  form  of  a  duodecimo  volume  of  11*(S  pages, 
unaccompanied  by  drawings  or  maps  of  any  kind,  since  such  could  not 
be  made  within  the  State  and  the  time  assigned  for  publication  would 
not  ix?rmit  of  the  original  drawings  being  sent  noith. 

The  work  was  divided  into  three  parts:  (1)  Topograph}',  (2)  eco- 
nomic, and  (3)  scientific  geology.  The  ideas  advanced  were  naturally 
largely  a  reflection  of  those  held  by  English  and  European  authoiities. 
The  formations  were  divided  into  Tertiarv,  Secondarv,  Transition,  and 
Primitive.  Granite  was  recognized  as  an  igneous  rock,  l)ut  it  does  not 
appear  that  the  fact  of  its  deep-seated  origin  and  subsequent  exposure 
bv  erosion  was  taken  into  account. 

Many  of  these  roi»kH  [he  wrote]  occur  not  only  together,  forming'  a  group  or  scries, 
but  are  ejected  in  fragments  through  others  and  over  incuniljent  strata  to  the  hi^'hcst 
st'riep.  asHumiug  the  appearance  (►f  having  been  once  in  a  fuseil  state.  Thus  irag- 
rnentp  })earing  all  the  features  of  having  l)een  fused  or,  at  lea«t,  acted  upon  by  fire  or 
int«*n>*e  heat,  o<*cur  8cattere<l  over  the  nurface  or  ini}M»<Me<l  in  the  straUi  of  the  TtTti- 
ary  and  Diluvial  of  this  district,  affonling  a  demonstration  that  this  region  of  <ountry 
h;u-  lH*4*n  Hubjecte<l  U)  violent  internal  forces.  The  granite  or  sycnitr  exhibits 
marks  of  some  great  fon^e  acting  laterally  and  |)eriKMidieularly,  which  has  rent  the 
mass,  heaved  it  up,  and  projected  some  of  the  fragments  to  a  great  distance. 
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It  is  evident  here  that  he  considered  the  bowlder  structure  incident 
to  decomposition  as  original  and  due  to  method  of  extrusion. 

Some  interesting  views  regarding  volcanic  agemues  are  given  in 
discussing  the  possible  origin  of  the  buhrstone,  a  chalcedonic  rock 
canning  abundant  casts  of  shells.  The  material  as  found  occurred 
*'only  on  the  upper  part  of  eminences  and  the  edges  of  inverted 
cones."'  This  he  seemed  to  think  offered  a  sufficient  demonstration  of 
its  igneous  origin,  and  he  would  account  for  its  uplift  on  the  theory 
of  submarine  explosions  taking  place  over  a  large  extent  of  sea  bottom 
simultaneously.  The  vesicular  character  of  the  buhrstone  he  likewise 
regarded  as  indicative  of  its  volcanic  origin.  "  It  is  highly'  probable 
that  the  fused  mass  in  that  state  was  spread  over  the  ]>ottom  of  the 
then  existing  ocean  and  that  these  vesicles  or  holes  were  the  effect  of 
water  converted  into  steam  bj^  the  influence  of  the  heat  of  the  mass.'' 
Inasmuch  as  the  fusion  of  silica  without  the  aid  of  some  other  con- 
stituent to  act  as  a  flux  is  a  phenomenon  unknown  in  nature,  such 
views  now  strike  one  as  somewhat  extraordinary.  Nevertheless  they 
were  in  accord  with  their  time. 

Although  no  use  was  made  of  fossils  in  attempting  to  ascertain  the 
relative  age  of  the  various  rocks,  he  nevertheless  recognized  the  fact 
that  they  indicated  a  sedimentary  origin.     He  wrote: 

Geol(>gical  investipition  has  leii  to  the  conchision  that  there  have  been  a  nuinl>er 
of  deluges  at  different  pericxis  or,  rather,  that  the  oc^eanic  waters  have  j«\vept  over 
the  land,  continued  for  an  indefinite  perifni,  and  then  retreated  several  tinu»s,  k*aving 
their  debris  beliind  them.  In  no  other  place,  i>erhap8,  is  the  truth  of  the  hy|)otheHie 
better  establislied  than  in  this  region,  where  fossil  remain.*^  of  different  animals  char- 
acterize different  formations,  as  it  is  evident  that  these  f(»8sils  must  have  l)een  formed 
f  "ni  animals  who  could  not  have  existed  under  the  earth,  but  on  its  surface  and  at 
the  lx)ttom  of  the  then  existing;  sea. 


This  well-meant  attempt  to  arouse  public  interest  proved  only  par- 
tially succcvssful.  The  legislature  of  the  following  winter  adopted  a 
resolution  authorizing  the  governor  to  employ  a  suitable  and  well 
qualiHed  person  to  undertake  the  work  and  appropriated  $1(),(XH>  to 
C4irry  it  on.  Doctor  Little  was  thereupon  appointed  State  geologist, 
iMit  as  th(»  legislature  of  1S40  abolished  the  oflice  nothing  of  value  was 
accomplished. 

For  but  the  thii*d  time  in  this  history  we  are  called  upon  to  step 
beyond  the  limits  of  the  United  States,  and  for  the  second  time  u]>on 
the  soil  of  Nova  Scotia,  a  land  still  later  made  famous  through  the 

hiborsof  Loo-jm  and  the  elder  Dawson.  In  1836  there 
Work  In  ai)])eare(l  a  volume  ot  2<2  octavo  pages,  entitled  Ke- 

Nova  Scotia.  1836.         '^  u      ^^       1  A  ^.t'  1  /v  e      ^• 

marks  on  tho  deology  and  Muieralogy  of  Nova  Scotia, 
by  Al)rahsun  (lesner.  This  had  be(»n  preceded  only  by  Jackson  and 
Alger's  work,  and  was  for  its  time  uiujuestionably  a  remarkable  Injok. 
A  g(M)logi(al  map  of  the  intcM'ior  of  the  peninsula  accompanied  the 
volume.     The  southwestern  border  was  colored  as  occupied  by  primary 
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l^ranites,  gneiss,  and  mica-slate,  this  being  succeeded  ))v  a  wide  belt 
(colored  blue)  of  transition  slate,  gray  wacke,  and  gray  wacke  slate,  and 
this,  in  its  turn,  by  a  broad  band  of  sandstone  (colored  red)  extending  up 
as  far  as  Westmoreland  County,  New  Brunswick.  The  broad  belt  of 
trap  rocks  along  the  southwest  shore  of  the  Ba}^  of  Fundy  was  colored 
fIT'een.  Important  beds  of  iron  ore  were  indicated  in  the  transition 
dilate  and  of  coal  in  the  red  sandstone.  These  districts  were  described 
in  considerable  detail,  and  attention  was  called  to  the  fact  that  the 
different  formations  corresponded  in  direction  and  general  character 
with  those  of  the  United  States. 

Gesner's  ideas  regarding  the  uplifting  of  strata  and  the  causes  thereof 
were  not  at  all  in  advance  of  his  time.  Thus  writing  of  the  position 
of  the  slate: 

The  irt rata  are  variously  inclined,  and  in  some  cases  much  twisted  and  broken; 
bat  generally  they  are  so  placed  as  to  support  the  opinion  that  tlie  ])riniary  rocks 
under  their  southern  side  have  l)een  uplifted  by  some  violent  and  sudden  move- 
ment which  has  thrown  the  neighboring  slate  in  its  present  leaning,  and  often 
perpendicular,  position. 

The  iron  ore  of  the  South  Mountains  he  regardc^d  as  of  aqueous 
origin,  such  being  demonstrated  by  the  presence  of  the  marine  fossil 
.shells  which  it  contained.  Their  presence,  however,  he  was  unable  to 
explain. 

From  whence  came  these  shells,  and  by  what  mighty  convulsions  and  changes 
in  this  globe  have  their  inmates  been  deprive<l  of  life  and  incarcerate<i  in  hard, 
compact,  and  unyielding  rocks?  By  what  momentous  and  violent  catastrophe  have 
thev  been  forced  from  the  bottom  of  the  ocean,  where  thev  were  evidentlv  at  some 
former  period  placed,  to  the  height  of  several  hundred  feet  alcove  tlie  level  of  the 
present  sea,  and  even  to  the  tops  of  the  highest  mountains? 

And  further  on: 

It  m  evident  that  the  slate  and  ore  containing  the  shells  alrea<ly  mentioned  were 
once  at  the  bottom  of  an  ancient  sea.  *  *  *  By  some  mighty  revolution  the 
ground  occupied  by  them  has  been  uplifte<l  and  their  native  submarine  jMjssessions 
converted  into  slate,  and  even  iron  ore. 

The  fact  that  some  of  this  iron  ore  is  niajifnetir  was  rcofardod  hv 
Jackson  and  Alger  as  due  to  the  presence  of  trap  rock.  Gesncr.  how- 
ever, considered  this  as  not  probable,  and  called  attention  to  the  fact 
that  the  trap  rocks  are  placed  in  a  situation  indicating  a  dr*tc  much 
later  than  the  New  Red  sandstone  upon  which  they  n^A. 

Notwitastanding  the  crudity  of  his  notions  as  to  the  mamic^r  in 
which  the  fossil  remains  had  become  entomlM^d.  (icsner  possessed  vrry 
advanced  ideas. concerning  their  value  for  correlation  purjxxsos.  This 
is  shown  in  his  discussion  of  the  slate  range  extending  from  Yarmouth 
to  the  Gut  of  Canso.  The  fossils  found  therein,  he  felt,  had  an  exist- 
ence coeval  with  the  original  stratification. 
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Tht'v  were  inhabitants  of  tlie  same  age,  enjoyed  niniilar  bounties,  the  nanie  di- 
niate,  and  were  conii)anion8  at  a  |K»riod  when  the  waters  of  the  sea  were  as  warm  a.** 
those  of  the  prt»8ent  tropical  oceans;  a  fact  easily  proved  by  their  organization  and 
the  beauty  and  delica<'y  of  their  shelly  coverings.  The  corals,  coraline  sponges,  an<l 
other  vegetable  pnxluctions  of  that  period,  although  bearing  a  striking  resemblance 
U)  those  now  flourishing  in  submarine  situations,  have  nevertheless  some  peculiar 
characteristic  features,  distinguishing  them  from  species  of  the  same  classes  now 
inhabiting  our  shores,  although  their  lineal  descendants  have  long  since  passed  away. 

Gesneu  was  an  extreme  catastrophist,  and  his  ideas  concerning  the 
origin  of  the  drift,  as  well  as  that  of  coal,  were  formulated  more  or  less 
by  the  scriptui"al  account  of  the  flood.  Discussing  the  fragments  of 
slate  and  the  masses  of  quartz  ro<*k  and  granite  that  were  found  scat- 
tered over  the  surface  of  the  Red  Sandstone,  and  even  entering  into 
its  composition  at  great  depth,  he  argued  that  their  shape  demonstrated 
that  they  had  been  transported  by  the  efforts  of  mighty  currenti^. 
From  this  fact  he  conceived  that  similar  causes  had  operated  upon  the 
surface  of  the  earth  at  separate  and  distinct  periods  of  time,  one  period 
having  produced  the  ingredients  of  the  newer  rocks,  which  in  their 
turn  had  been  evidently  denuded  by  the  rapidity  of  overwhelming 
floods.  He  thought  it  probable  that  the  first  great  catastrophe  arose 
when  the  earth  emerged  from  beneath  the  waters  at  its  first  creation, 
before  which  darkness  was  upon  the  face  of  the  deep,  and  that  it  was 
not  improbable  that  another  geological  event  may  have  produced 
another  class  of  phenomena  at  that  period  when  the  "windows  of 
heaven  were  opened  and  the  fountains  of  the  great  deep  broken  up." 

The  giant  bowlders,  sometimes  found  on  the  very  hilltops,  he  recog- 
nized as  erratics,  but  could  not  believe  them  to  be  due  to  flood  action. 
''They  have  doul)tless  been  thrown  upwards,"  he  wrote,  "and  left 
cresting  the  highest  ridges,  by  volcanic  explosions  that  have  taken 
place  since  the  genend  inundation  of  our  planet."  The  general  phe- 
nomena of  the  drift,  however,  he  regarded  as  almost  certainly  the  effect 
"of  an  overwhelming  d(duge  which  at  a  former  period  produced  those 
results  now  so  manifest  upon  the  earth.  Not  only  hath  the  granite 
sent  its  heralds  abroad,  large  blocks  of  trap  are  also  scattered  over 
the  soil  of  Nova  Scotia  far  from  their  original  and  former  stations." 

That  coal  is  of  organic  origin  he  recognized,  though  as  to  the  man- 
ner of  its  accunmlation  he  was  somewhat  in  doubt.  He  assumed  that 
a  part  of  it  at  least  may  have  collected  at  the  bottom  of  the  sea, 
together  with  successive  layers  of  sand  and  clay,  and  that  the  beds  had 
since  been  uplifted  by  volcanic  forces.  The  method  of  conversion  of 
the  organic  matter  into  coal,  he  thought,  might  also  have  been  brought 
alx>ut  through  the  intervention  of  volcanic  forces. 

In  discussing  the  changes  which  have  taken  place  on  the  surface  of 
the  earth,  he  queri«»(l  if  such  might  not 

hiivf  iK't'Fi  prcxluced  Ix^twinMi  tliat  peri<wl  wlien  the  globe  was  fi ret  created  and  the 
Noartiian  deluge,  and  might  not  many  of  those  effects,  the  causes  of  which  are  now 
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alniiK't  inexpliisble,  havt-  bucn  pnHlucetl  at  that itiomen bin h  pt-Hixl  when  tht  "win- 
dows of  luaven  wereopeiieil,  ami  the  founts  in  b  of  tlietcreat  ilec'iilirokfniip."  •  *  ' 
Id  nil  way  I'sn  these  phenomena  be  bo  Batiffactorily  act-oimleil  (or  and  exi>kine<l  aa 
by  wlmittirig  the  brief  aii-ounl  of  the  creation  of  the  world  in  ttie  (ir't  chapter  of 
Genexis;  and  that  there  ie  no  neceteity  for  making  the  world  appear  older  thau  ila 
date  irfven  by  Moece. 

Affain : 

The  voii'anic  fires  of  Ilie  earth  are  (irarliially  liwoining  extinet.  They  were  evi- 
(lenlly  far  more  vehement  in  former  ages  than  in  the  pnwent  day.  Tlierefore,  we 
have  Hiitticient  reasooH  to  believe  tliat  from  tiie  creation  of  the  world  lo  the  delufK 
great  changes  miii<t  have  taken  place  upon  the  earth's  surface.  Who  can  clearly 
de»-ide  that  the  flaming  Hword  which  forever  shut  out  our  first  pareiitx  fnim  Weii'a 
delightful  garden  waH  not  a  livid  torrent  of  flame  issuing  from  the  ground  |>olluled 
by  sin? 

Com-erniiig  the  limestoiieM  of-thecoal  formation  along  the  Nepun 
River,  he  wrote: 

On  the  surfai-e  of  the  limestone  the  iletriliiti  of  the  deluge  forms  a  ilistinci  lever- 
ing; and,  according  lo  the  opinion  of  some  geologii'tf,  should  n<it  l>e  coiisiilered  in 
any  way  conne<-t«d  with  the  changes  which  have  taken  place  in  the  strata  beneath. 
But  we  would  remark  that  although  the  l)eda  of  roumled  pebbles  and  sanii  clearly 
demonstrate  the  effects  of  a  flood,  they  can  have  no  reference  to  the  great  geolt^cal 
catastrophe  which  nshered  in  (hat  awful  event.  Tlie  depression  of  whole  continents, 
the  raising  of  the  ocean's  level  bed,  the  distortion  of  strata  previously  horizontal, 
the  elevation  of  mountains,  and  all  those  violent  operations  whereby  the  whole 
mrface  of  this  planet  has  lieen  rent  asunder,  might  have  l)een  the  prelude  to  that 
overwhelming  deluge,  while  the  diluvial  debris  reiiulted  from  the  a<;tion  of  torrents 
after  the  crust  of  the  globe  had  been  thus  broken  up. 

Gesner  was  born  of  Gerioan-French  anceHtry  in  Cornwallis,  Nova 
Scotia,  and  was  by  profeKsion  a  physician  and  surgeon.  For  a  long  time 
after  obtaining  his  degree  he  pnu'ticed  his  profession  in  the  country 

bordering  the  shores  of 
sketchaiOMwr.  Minas  Basin.  making  his 
visits  on  horselwck,  and 
often  returning  with  saddlebags  liUed  with 
specimens  collected  on  the  way.  In  IHliU, 
two  years  after  the  pul)lication  just  referred 
to,  he  was  appointed  provincial  geologist  of 
New  Brunswick,  and  removed  to  St.  John, 
where  be  established  the  (icsner  Museum, 
afterwards  purchased  by  the  Natural  History 
Society  of  New  Brunswick.  This  was  iin 
all-round  natural  history  collection,  many 
of  the  zoological  specimens  having  tteen 
collected  by  (Jesner  himself,   who  was  an  Fio.a(.-Ab™i 

ardent  sixtrtt^man. 

After  the  somewhat  premature  closing  of  the  survey  in  lN4t;(;), 
<iesner  left  St.  .John  and  returned  lo  tV>rnwallis,  During  his  residem-e 
hejx!  he  wrote  his  works  on  New  Brunswick,  with  notes  for  cmignint.-i, 
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and  The  Industrial  Resoiii'ces  of  Nova  Scotia.  Besideti  his  iiicdiail 
practice  and  the  ficrientific  and  literary  work  already  mcntioiiod,  (losiier 
engaged  in  studies  in  applied  science,  particularly  in  electricity  and 
chemistry,  and  in  1854  took  out  a  patent  in  the  United  States  for  the 
manufacture  of  kerosene  from  coal  and  other  bituminous  substances. 
About  this  period  he  resided  in  lirooklyn,  New  York,  and  was  con- 
nected with  the  company  having  works  on  Newton  Creek  near  Perry 
Bridge.  In  1861  he  published  a  work  on  coal,  petroleum,  and  other 
distilled  oils.  He  returned  to  Halifax  in  IStSS,  where  he  died  the  fol- 
lowing j'ear. 

He  is  represented  as  a  man  of  medium  height,  with  deep  chest  and 
Sfjuare  shoulders,  black  hair  and  eyes,  and  a  face  showing  deep  thought 
and  strong  intellectiul  power.  He  vfsa  unquestionably  a  man  of 
great  mental  and  physical  energy.  He  was  noted  for  his  deep  piety 
and  remained  alt  his  life  a  tirm  churchman.  It  is  told  of  him  that, 
when  connected  with  Guy's  Hospital  in  Ix>ndon,  if  troubled  by  any 
physiological  mysterj'  which  had  become  a  subject  of  speculation,  he 
always  gave  as  his  ultimate  conclusion  that  "God  made  it  so."  This 
phrase  became  known  as  "Geaner's  reason"  and  was  so  use-d  among 
the  students. 

Although  C  U.  Shepai-d's  work  was  mainly  mineralogical,  he  wca- 
sionally  contributed  papers  on  areal  geology.  Thus,  in  the  American 
a«ni«  '^*'"'""*1  **^  Science  for  1838,  we  find  an  article  by  him 
of^pM- luiooto.  on  the  geology  of  upper  Illinois.  In  this  he  described 
the  extensive  Kankakee  swamp  region  south  of  Chi- 
cago, and  the  old  beach  lines  above  the  present  lake  level.  He  also 
discussed  the  possible  overflow  of  the  lake  in  ancient  periods  to  the 

southward,    and   dwelt   to   a   considerable 

".  extent  on  the  possibility  of  and  the  com- 

^^I^M^^  mercial  advantages  to  lie  derived  by  uniting 

^^^^^^^L  the  waters  of  Lake  Michigan  and  the  Illinois 

^r,  ^^  Uiver,  forming  thus  a  connection  with  the 

^K' j0  ^^H^  M  is.'st^ippi. 

^P       ^^^^p  The  geology  of  the  region  was  descrilHKl 

*    JI^^F  as  iH'ing  exceedingly  simple  and  uniform, 

i    ^^^^F  'he  great  rock  formation   being  the  mag- 

^^^^^^^2^  nesian  limestone.    He  mentioned  the  occur- 

^^^^^P^Sfl^^^j  this  of   "Ortho<-era"  and   large 

^^^^^^^s^^^^BG     "  Pectunculus      and    "  Tcrebratula,"    two 

^^^^^^^^^^^^^B    s[>r('ti>.-i  of  ",\nmionitt's"  and  "Caryophyt- 

ncf.  w.-(imri.>>.  riiiiiini  siiiiMini,     lii»,"   and   a   "Favosites."     The    northern 

liouiiilurv  of  the  coiil  fonnalion  he  said  he 

could  not  dcliue  with  precision  through  lack  of  opfMii-tunity  to  explore 

it  in  detail.     A  geol<igical  section  of  the  region  iM'tween  Fox  Uiver 

and  Spring  Creek  accouipiuiicd  the  pHi>er. 
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On  March  ^>,  1H35,  the  ^oiieml  a8.s(Miil)ly  of  Virginia  authorized  the 
apiiointinent  of  a  "suitable  i)ersoir'  to  make  a  geological  reconnais- 
sance of  the  Stat4>  with  a  view  to  the  general  geological  features  of 

the  territory  and  to  the  chemical  composition  of  it.s 
iovirviaia.  soils,  rocks,  ores,  mineral  waters,  etc.     Prof.  W.  B. 

IS35-1841.  7  7  7  7 

Rogers,  then  professor  of  natural  histor3%  philosophy, 
and  chemistry  in  William  and  Mary  College,  and  brother  of  H.  D. 
Rogers,  was  selected  as  the  suitable  person,  entering  upon  his  duties 
in  1835  and  holding  the  office  for  seven  years.  He  was  assisted  from 
time  to  time  by  George  W.  Boyd,  Caleb  Briggs,  E.  A.  Aiken,  C.  B. 
Hayden,  Samuel  Lewis,  J.  B.  Rogers,  H.  D.  Rogers,  R.  E.  Rogers, 
Thomas  S.  Ridgeway,  and  M.  Wells.  The  survey  continued  in  exist- 
ence until  the  close  of  1842,  the  act  of  authorization  being  repealed  b\' 
the  legislature. 

No  provision  was  made  for  the  preparation  of  a  final  report,  although 
Rogers  was  ready  to  undertake  the  same,  and  the  idea  not  tinalh'  aban- 
doned until  as  late  as  1854.  The  necessary  appropriation  was,  how- 
ever, not  granted,  and  the  seven  brief  annual  reports  submitted  are 
all  there  is  to  show  for  years  of  careful  and  patient  work  under  most 
adverse  circumstances.  No  map  and  no  sections  were  published  at 
the  time.  In  1884,  after  Rogers's  death,  a  reprint  of  all  these  reports 
was  made  under  the  editorship  of  Maj.  Jed.  Hotchkiss,  an  engineer,  of 
Staunton,  Virginia.  They  formed  an  octavo  volume  of  upward  of  live 
hundred  pages.  This  was  accompanied  by  a  small  geological  map 
which  Rogers  had  previously  colored  for  Hotchkiss,  and  by  numerous 
plates  of  sections,  which  are,  however,  not  descri])ed  in  the  text. 

Under  the  conditions  enumerated  above,  it  is  not  surprising  that 
the  reports  contained  little  of  more  than  lo<'al  interest,  and  that  the 
broader  aspects  of  geology  were  barely  touched  upon.  The  region 
west  of  the  Blue  Ridge  was  described  as  occupied  by  fourteen  groups 
of  strata,  which  were  designated  by  numbers,  l>eginning  with  the 
lowermast.  These  all  showed  so  general  a  conformity  in  superposi- 
tion, and  so  remarkable  a  correspondence  in  their  minemlogi(*al  and 
physical  characters,  as  to  clearly  indicate,  he  felt,  the  propriety  of 
regarding  them  all  as  parts  of  one  great  series  of  strata  accumulated 
over  the  widely  expanded  floor  of  the  ancient  cK*ean. 

No  mention  was  made  of  the  fossil  contents  of  anv  of  these  l)eds, 
nor  attempts  at  correlation  or  determination  of  their  geological  age. 
This  seems  the  more  remarkable  when  one  considei-s  the  value  attached 
to  fossils  by  Rogers  in  his  work  on  the  Tertiary  formations,  where  the 
inspection  of  a  single  shell,  he  claimed,  would  often  enable  one  to  pro- 
nounce upon  the  character  of  the  stratum  f roni  whi<*h  it  w^as  taken  — 
that  is,  whether  pertaining  to  the  Fk>cene  or  Mio<*ene. 

The  Massanutten  Mountains  were  recognized  as  one  gn»at  synclinal 
tnu't  resting  in  a  trough  of  slate.     It  is  worthy  of  note,  in  view  of  the 
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II.  I).  Rogers- Hitchcock  controversy  referred  to  elsewhere  (p.  314), 
that  in  his  re|K)rt  for  1S38  Rogers  des<*ril)cd  in  considemble  detail 
'•'•  the  extraordinary  phenomenon  of  inversion''  presenU^d  throughont 
the  long  reach  of  North  Mountains,  whereb}-  the  entire  series  from 
formations  II  to  VIII,  inclusive,  were  found  to  lie  conformably  one 
upon  the  other,  but  in  a  reversed  stratigraphical  position;  that  is,  the 
oldest  above  and  the  youngest  at  the  bottom.  No  attempt,  however, 
was  made  to  account  for  the  same. 

In  the  report  for  1839  the  Tertiary  marl  south  of  the  James  River 
was  described  in  detail  and  its  Eocene  and  Miocene  subdivisions  recog- 
nized. In  that  for  1840  was  given  a  list  of  the  fossils  found  in  the 
Miocene  marls,  and  attention  called  to  the  discovery  of  a  ^*  remarkable 
stratum  varying  from  12  to  25  feet  in  thickness,  composed  almost 
entirely  of  microscopic  fossils  (Diatoms),  and  lying  between  the 
Eocene  and  Miocene,  but  referred  to  neither."  This,  the  first  discov- 
ery of  it«  kind  in  the  United  States,  was  referred  to  as  an  ^Mnfusory 
stratum.""  The  coarse  ''middle  secondary"  conglomerates  of  Vir- 
ginia, corresponding  to  the  Potomac  marble  (Triassic)  of  Mar^'land, 
he  regarded  as  having  been  deposited  by  strong  currents  coming  from 
the  southeast  which  laid  down  their  load  in  a  long,  narrow  trough 
extending  from  southwest  to  the  northeast;  such  ''being  deposited  in 
successive  layers,  commencing  at  its  southeastern  margin,  would  nat- 
urally assume  the  attitude  of  strata  dipping  toward  the  northwest." 

When  one  considers  the  condition  of  the  country  at  the  time  Rogers 
did  his  work — the  lack  of  facilities  for  transportation,  the  entire  lack 
of  maps  sufficiently  accui'ate  for  purposes  of  plotting,  the  deep  mantle 
of  residuary  mat(M*ial  that  nearly  everywhere  obscured  the  more  solid 
rocks,  and  that  there  were  no  railroad  cuts  or  other  artificial  exposures, 
such  as  exist  to-d:iv — one  can  but  admire  its  accuracy.  It  is  not  yet 
too  late  to  express  n^grets  that  the  parsimony  of  the  legislature  should 
have  stood  in  thc^  way  of  the  prepamtion  of  a  final  report. 

W.  H.  Rogers  undoubtedly  derived  a  i>ortion  of  his  enthusiasm  for 
geology  from  his  brother  Henry.  The  first  manifestations  of  this 
mental  trend  appeared  while  professor  of  natural  philosophy  and 
chemistry  at  William  and  Mary  College  in  1888,  when  he  set  on  foot 
incjuiries  relative  to  the  greensand  marl  of  Virginia.  His  first  pub- 
lication, as  given  in  his  biography,  however,  related  to  artesian  wells 
and  app(»ared  in  the  Farmer's  Register  of  Richmond  (1H84-85). 

The  |K)verty  of  his  resources  in  1835,  while  hopefully  agitating  the 
establishment  of  a  State  geological  surve}'  for  Virginia,  can  not  be  bet-* 
ter  illustrated  than  by  noting  (Ik*  nHjuest  sent  to  his  brother  Henry,  in 
Philadelphia,  for  the  chemicals  and  apparatus  mentioned  lielow  to  be 

^'Iii  1S4:?  Tnoniey  announccMl  tlie  discovery  of  an  infusorial  stratum  at  PetersbuiT^, 
in  Virginia.     Tliis  lie  rrfernMl  to  the  lower  ]K)rtion  of  the  Micx^ne. 
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iisiKi  in  the  prosecution  of  his  scientific  work.  The  list  comprised  1 
plHtinuni  capsule,  1  ix)und  of  absolute  alcohol  (French),  one-half  ounce 
oxide  of  ammonia,  one-half  pound  distilled  muriatic  acid  (pure),  1 
pound  distilled  nitric  acid,  one  4-ounce  vial  of  phosphate  of  ammonia, 
1  foot  small  platinum  wire  for  blowpipe.  , 

He  wrote: 

My  alcohol,  with  all  the  economy  I  have  used,  is  almost  exhaustetl.  The  j?ill 
which  I  had  at  the  opening  of  the  course  ha«  been  use<l  at  lea^it  ten  times  in 
analysis,  and  though  carefully  distilled  off  in  ea**h  oi)eration,  a  portion  in,  of 
course,  lost. 

In  August  of  1885  Rogers  was  elected  to  the  chair  of  natural  philos- 
ophy in  the  University  of  Virginia,  at  Charlottesville,  a  position  which 
he  gladly  accepted,  being,  imdoubtedly,  influenced  in  part  at  least  })y 
the  more  healthful  climate  of  the  latter  place. 

His  first  years  here  were,  however,  full  of  trial,  owing  to  the  dual 
nature  of  his  duties — teacher  and  State  geologist — and  the  lawless  char- 
acter of  many  of  the  students.  Lacking,  jts  he  was,  in  physic^il  stamina 
at  the  beginning,  the  trials  as  professor  and  the  lack  of  appreciation  of 
his  work  by  the  State  legislature  undoubtedly  wore  upon  him  severely 
and  had, to  do  with  his  comparatively  early  breaking  down. 

Like  other  of  the  broader  men  of  his  tinie,  Rogers  was  an  all-round 
scientist,  and  wrote  not  merely  on  geology,  but  made  observations  on 
the  aurora,  experiments  with  reference  to  binocular  visions,  and  other 
subjects. 

As  early  as  1846,  in  connection  with  his  brother  Henry,  he  formu- 
lated plans  for  the  Polytechnic  School  in  Boston,  which  place  he  felt 
persuaded  was  on  all  accounts  the  best  suited  for  an  institution  of  this 
kind.  ''  I  long  for  an  atmosphere  of  more  stiumlating  |3ower,''  he  wrote 
from  Charlottesville,  and  with  these  thoughts  in  mind  he  resigned  his 
professorship  in  184H,  but  was  induced  to  reconsider  and  remain  for 
five  years  longer.  On  his  final  removal  to  Boston  in  1S53  he  con- 
tinued to  take  an  active  part  in  scientific  and  educational  matter's.  The 
year  1859  found  him  again  actively  advocating  his  plan  for  an  institute  of 
technology,  the  matter  being  brought  forward  at  this  tin^e  in  connection 
with  the  so-called  Back  Bay  lands  and  their  rapidly  enhancing  value, 
and  in  1861  an  act  to  incorporate  the  Massachusetts  Institute  of  Tech- 
nology j>assed  the  legislature  and  was  approved  by  the  governor.  In 
1862,  an  organization  having  been  i^erfected,  he  was  elected  its  first 
president,  an  office  he  continued  to  hold  until  forced  to  resign  by  ill 
health  in  1870.  In  1878,  his  health  having  improved,  he  was  again 
induced  to  temporarily  accept  the  presidency,  holding  the  position 
three  years,  and  l^eing  succeeded  by  (len.  F.  A.  Walker. 

His  reputation  as  a  geologist  rests  mainly  upon  his  work  as  State 
geologist  of  Virginia  and  that  on  the  structun*  of  the  Appalachian 
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Chain  in  connection  with  his  brother,  II.  D.  Rogers.  He  was,  how- 
ever, widely  known  us  an  educator  and  orator.  To  <|uote  from  one  of 
his  biographers: 

The  wide  extent  of  his  own  HtudieH  and  researches  in  mechanics,  phjrsics,  chem- 
intry,  and  geolofi^y;  ids  truly  philosophical  spirit,  his  unfailing  courtesy  and  urbbnity, 
his  warm  nyinpathies,  his  Hcientifie  enthusiasm,  his  (H)mmanding  and  stately  pres- 
ence, his  rare  gifts  of  expression,  all  c(md)ined  to  make  him  the  ideal  presiding 
officer.  His  introiiuctions  were  most  felicitous;  his  comments  highly  suggestive  and 
inspiring;  his  summing  up  was  always  a  masterpiece  of  discriminating  and  judicious 
reasoning,  while,  over  all,  his  rich,  tropical  eloquence  threw  a  spell  as  of  poeey  and 
mmance,  for  to  him  the  truth  was  always  beautiful,  and  the  most  solid  and  substan- 
tial ^<tructure  of  scientific  principle  stood  in  his  view  against  a  sunset  sky,  radiant 
with  a  light  which  no  painter's  pencil  ever  had  the  art  to  fix  to  canvas. 

On  April  15,  1836,  there  was  authorized  by  the  State  assembly  a 
geological  and  niinemlogical  survey  of  New  York.  Thin  led  to  an 
organization  which  has  left  a  more  lasting  impression  upon  American 

geology  than  any  that  has  followed  or  had  preceded 

of*Ne5*vii*?7836.   it-     ^^  ^^^  ordained,  the  locality  was  one  of  the  most 

favorable  that  could  have  been  selected  for  working 
out  the  fundamental  principles  of  stratigraphic  geology;  moreover, 
those  appointed  to  do  the  work  proved  equal  to  the  occasion.  The 
New  York  survey  gave  to  American  geology  a  nomenclature  largely 
its  own;  it  demonstrated  al)ove  everything  else  the  value  of  fossils  for 
purposes  of  correlation,  and  incidentally  it  brought  into  prominence 
one  man,  James  Hall,  who  was  destined  to  become  America's  greatest 
paleontologist. 

To  secure  the  greatest  amount  of  individual  freedom  and  to  facili- 
tate the  work  to  best  advantage,  the  State  was  divided  into  four 
districts,  W.  W.  Mather  being  pla<'ed  in  charge  of  the  first,  Ebenezer 
Emmons  the  second,  Timothy  A.  Conmd  the  third,  and  Lardner  Van- 
uxem  the  fourth.  The  survey  contiimed  in  existence  for  five  years, 
reports  being  issued  annually  in  the  fonn  of  assembly  documents,  the 
final  reports  ap|)earing  in  lS4:i-48  in  the  form  of  quarto  volumes,  com- 
prising, all  told,  over  2,000  i>ages  and  82  plates,  se<*tions,  and  maps. 

The  niinemlogical  and  chemical  work  of  the  survey  was  placed  under 
the  charge  of  Dr.  Lewis  C.  Beck,  while  Dr.  John  Torrey  was  made 
botanist  and  Dr.  James  E.  De  Kay  given  charge  of  the  zoologic*al 
department.  At  the  end  of  the  first  season  Conmd  resigned,  to  become 
paleontologist  of  the  survey,  and  James  Hall,  who  had  previously 
^]>een  an  assistant  to  Emmons,  was  put  in  charge  of  the  fourth  district, 
while  Vamixeni  was  tmnsf erred  to  the  second.  As  with  all  the  earlier 
surveys,  agriculture  and  mining  were  considered  subjects  of  primary 
importance.  T1h»  results  of  the  survey  can,  however,  be  best  consid- 
ered under  the  date*  of  issue  of  the  final  reports  (p.  374). 

This  same  y4»ur  witnessed  also  the  establishment  of  a  geological 
&urvey  in  the  adjoining  State  of  Peimsylvania,  of  which  H.  D.  Rogers, 
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also  State  geologist  of  New  Jersey,  was  placed  in  charge.     This  sur- 
vey, a.s  first  planned,  was  expected  to  continue  for  a  period  of  at  least 

ten  years,  hut  was  brought  to  an  abrupt  close  in  1842, 

Ocoloclcal  Survey  J  ^  ^  f  ^ 

•f  Pennsyivaaia,       owlnff  to  the  financial  embarrassments  of  the  (Jommon- 

1836. 

wealth.  Rogers,  however,  unwilling  to  relinquish  the 
work  in  its  incomplete  form,  (continued  on  his  own  responsibility,  and 
largely  at  his  own  expense,  for  three  years  longer,  and  in  1847  depos- 
ited in  the  oflice  of  the  secretary  of  the  Commonwealth  his  final  i"eport, 
ready  for  publication.  For  reasons  to  be  noted  later,  the  publication 
of  this  report  was  delayed  until  1858. 

During  its  period  of  existence  the  survey  issued  six  annual  report*^, 
the  first  bearing  the  date  of  1836  and  the  last  1842.  These  were  small 
octavos,  destitute  of  illustration,  with  the  exception  of  a  few  outline 
sections,  and  of  from  100  to  250  pages  each.  The  results  of  the  work 
were  so  completely  elaborated  in  the' final  reports  issued  in  1858  that 
these  preliminary  publications  have  been  almost  completely  lost  sight 
of  and  are  of  merely  historical  interest.  It  is  well  to  note  that,  owing 
to  the  large  proportion  of  foreign  population  in  the  State  at  that  date, 
two  editions  of  the  preliminary  reports  were  issued — one  in  English 
and  one  in  German.  This  dual  publication,  so  far  as  the  present 
writer  is  aware,  was  paralleled  only  in  the  case  of  the  Ohio  survey, 
under  Newberry. 

As  with  the  New  York  survey,  the  results  of  Rogers's  work  can  be 
l)est  summed  up  in  a  consideration  of  the  final  reports  (see  p.  489.) 

After  nearly  ten  years  of  agitation,  there  was  passed  by  both  houses 
of  Congress,  and  approved  by  the  President  on  May  14,  1836,  a  bill 
providing  for  an  exploring  expedition  to  the  South  Polar  regions  and 

the  islands  and  coasts  of  the  Pacific.  This  expedition, 
B^StS£SftS3?.      which  finally  sailed  from  Norfolk  on  August  17, 1838, 

and  which,  from  the  name  of  its  commander  in  chief, 
has  come  to  be  known  as  the  Wilkes  Exploring  Expedition,  had  for 
its  immediate  object  the  increase  of  such  knowledge  as  would  be  of 
interest  and  value  to  the  whaling  industry,  which  had  suffered  severely 
through  loss  of  men  and  vessels  in  these  remote  regions.  Research 
along  other  lines  was  purel}"  secondary.  Fortunately,  however,  the 
scientific  men  of  the  da}"  were  fully  alive  to  the  possibilities  offered, 
and,  through  their  influence,  an  eflicient  corps  of  trained  observers  in 
various  lines  was  permitted  to  accompany  it.  Of  these  only  the  geolo- 
gist, J.  D.  Dana,  who  sailed  on  the  Peacock^  comes  within  the  mnge  of 
our  present  work,  though  incidental  reference  will  be  made  to  J.  P. 
Couthouy,  who  sailed  on  the  Vhioenn^^n,  Inasmuch,  however,  as  no 
tangible  results  from  the  expedition  were  madeJcnown  until  after  the 
return  of  Dana,  in  1841,  the  entire  matter  may  also  be  dismissed  here 
and  taken  up  again  under  the  latter  date. 
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In  March,  183H,  sixteen  vears  after  her  establishment  on  a  Imsis  of 
independent  stutehood,  the  legislature  of  Maine  authorized  the  apixiint- 
Hient  of  '*.sonie  suitable  person"  to  make  a  geological  survey  of  the 

State  "'as  soon  as  circumstances  will  permit,"  appro- 
iX^iS^^lSS^io!^  **'  priating  the  sum  of  $5,000  to  cover  expenses."     On 

June  25  a  contract  was  entered  into  with  Dr.  C.  T. 
Jackson  for  the  carrying  out  of  the  same.  Jackson  seems  to  have 
entered  upon  his  duties  promptly  and  energeticall3%  making  his  first 
report,  a  volume  of  116  octavo  pages,  in  December,  1836.  This  was 
accompanied  by  an  atlas  of  24  plates.  His  results  were  apparently 
satisfactory  to  the  legislature,  the  appointment  being  renewed  the  fol- 
lowing year  and  $3,000  appropriated  for  expenses.  Under  this  appro- 
priation a  second  annual  report  of  168  octavo  pages  was  forthcoming. 
This  in  its  turn  was  seemingly  satisfactory,  for  the  geologist's  salary 
was  increased  from  $1,000  to  $1,500  a  year,  while  the  sum  appropri- 
ated for  the  carrying  on  of  the  work  was  made  discretionary  with 
the  governor  and  council.  Under  such  favoring  conditions  it  is  not 
strange  perhaps  that  the  State  geologist  became  effusive  and  brought 
his  third  (and  last)  report  up  to  276  pages,  with  an  appendix  of  r>4 
pages,  contiiining  a  catalogue  of  the  collections. 

These  reports,  examined  in  the  light  of  to-day,  contain  very  little 
which  would  be  (considered  of  geological  importance.  Jackson  seems 
to  have  roamed  somewhat  at  mndom  over  the  State,  with  little  idea  of 
the  geological  structure  as  a  whole,  and  to  have  contented  himself  with 
making  detailed  notes  on  whatever  was  immediately  at  hand,  regard- 
less of  its  possible  relationship  to  other  formations  at  a  distance  and 
with  an  eye  jmrticularly  to  economic  questions. 

From  th(»  finding  of  marine  shells  at  Lubec  in  layers  of  clay  now 
some  twenty -six  feet  above  high-water  mark,  he  rightly  conjectured 
that  the  land  had  been  elevated  that  amount  within  a  comparatively 
recent  period.  He  regarded  the  sandstones  now  known  to  be  Devo- 
nian in  the  extreme  eastern  counties  as  identical  with  the  red  Triassic 
sandstones  of  Nova  Scotia,  and  seriously  discussed  the  possibility  of 
their  containing  bituminous  coal.  The  slat<*.s  of  Piscataquis  Coimty 
were  classed  as  tmnsition,  and  the  possibility  of  their  carrying  anthra- 
cite coal  was  likewise  discusspd. 

In  his  third  annual  report  he  noted  the  occurrence  of  fossil  plants 
in  the  slates  of  Waterville  and  remarked  on  the  discovery  as  being  a 
stninge  occurrence,  since  the  rocks  belong  to  the  older  Transition 
series/' 


^'Tlio  legislature  of  MaHsachnsi*tts  authorized  State  cooperation  in  tlli^^  survey  ho  far 
as  it  reiatiMl  to  ctTtain  pul)li«'  Uunis  vvhicli  were  the  joint  property  of  tlie  two  Stat<»s. 

''  At  tht'  se('on<l  session  of  tlie  American  Ansociation  of  (Jeolo^fists  in  Philadelphia, 
lH-41,  Professor  ().  I*.  Iluhlmnl  exhihited  a  HiHxnnien  of  this  slate  and  waw  al)le  to 
show  hy  the  aid  of  "  Murehison's  Silurian  syHtem  "  that  tliey  were  not  plant  remains 
hut  annelid  trails,  a  view  which  Jackson  accept^Ml. 
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The  poHsibility  of  the  occ*urrence  of  beds  of  coal  at  Small  Point 
Harbor  near  Phipp«burg  was  investigated.  As  a  result  it  was 
announced  that  there  was  no  possibility  of  such  being  included  in  rock 
of  the  natui'e  there  found,  and  that  the  coal  sometimes  thrown  up  on  the 
beach  was  presumably  from  English  sources.  So  early  a  statement  of 
this  nature  Ls  interesting  in  view  of  borings  for  coal  which  have  taken 
place  along  this  coast  within  a  very  few  years. 

Jackson's  views  on  the  glacial  deposits  were  naturally  crude.  The 
''horsebacks"  (ridges  of  glacial  gravel)  were  regarded  as  diluvial 
material  transported  by  a  mighty  current  of  water. 

It  ifl  Hupposed  that  this  rushing  of  wat^r  over  the  land  took  place  during  the  last 
grand  deluge,  accounts  of  which  have  been  hande<i  down  by  tradition  and  are  pre- 
served in  the  archives  of  all  people.  Although  it  is  commonly  supposed  that  the 
deluge  was  intended  solely  for  the  punishment  of  the  corrupt  antediluvians,  it  is  not 
improbable  that  the  descendants  of  Noah  reap  many  atlvantages  from  its  influence, 
since  the  various  soils  underwent  m(Klifi(^tions  and  admixtures  which  render  them 
better  a4lapte<l  for  the  wants  of  man.  May  not  the  hand  of  Benevolence  be  seen 
working  even  amid  the  waters  of  the  deluge? 

It  is,  perhaps,  doubtful  if  the  hard-fisted  occupant  of  many  of 
Maine's  rocky  farms  would  be  disposed  to  take  so  cheerful  a  view  of 
the  matter. 

However  Jackson's  work  may  impress  the  reader  of  to-day,  it  was 
considered  by  a  reviewer  in  the  American  Journal  of  Science  (XXXI 1, 
1837)  as  a  "model  of  its  kind.  It  has  cerUiinly  not  been  surjmssed  by 
any  similar  effort  in  this  country,"  and  "The  present  sketch  of  Maine 
is  a  masterly  production." 

In  1839  the  general  assembly  of  Rhode  Island  appropriated  the  sum 
of  $2,0()0  to  pay  the  expenses  of  a  geological  and  agricultuml  survey 
of  the  State,  and  Doctor  Jackson,  fresh  from  his  work  in  Maine,  was 

placed  in  charge  of  this  also,  making  his  report  the 
jackflMi'0  Survey  off  foUowing  year.  This  constituted  the  first,  last,  and 
Rindeifltaod,  t&39.    ^^j^  survey  of  Rhode  Island  carried  on  under  State 

auspices. 

Such  a  work  was  naturally  productive  of  little  of  importance,  and 
no  new  principles  whatever  were  evolved.  Aside  from  the  gathering 
of  a  few  facts  of  possible  economic  value,  it  resulted  only  in  an  exten- 
sion of  knowledge  relative  to  the  distribution  of  certain  geologic 
groups.  This,  however,  was  a  feature  of  all  the  work  carried  on  by 
Jackson.  As  further  illustrating  the  condition  of  geological  knowl- 
edge, the  report  is,  however,  worthy  of  consideration. 

In  his  introduction  he  remarked  on  the  attempt  on  the  part  of  some 
geologists  to  abandon  the  nam(*  Transition  and  to  group  these  rocks 
with  the  Secondaiy,  according  to  the  original  schemes  of  Lehman,  and 
felt  that  a  numerical  division  would  doubtless  be  found  preferable  to 
anj'  of  the  fanciful  names  proposed  for  some  of  its  subdivisions. 
The   names  Cambrian   and  Silurian,   as    proposed    in    England,   he 
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thought,  ••'will  never  be  regarded  in  this  country  as  appropriates  terms 
for  our  rocks/'  He  recognized  the  existence  of  contact  phenomena, 
and  also  that  the  degree  of  crystallization  and  general  structural  fea- 
tures of  an  igneous  rock  are  dependent  upon  conditions  of  cooling, 
though  he  regarded  pumice  as  being  formed  when  the  fused  rock, 
under  little  pressure,  was  brought  in  contact  with  water.  The  pos- 
sibility of  the  cellular  structure  being  due  to  expansion  of  vapor 
of  water  in  the  lava  itself  was  not  recognized.  The  hornblende  rock, 
so  extensively  developed  in  Cumberland,  Smithfield^  and  Johnston,  he 
regarded  as  of  igneous  origin,  and  suggested  that  its  apparent  strati- 
form structure  might  be  due  to  an  admixture  of  the  argillaceous  slate 
through  which  it  was  elevated. 

The  eruptive  nature  of  the  Cumberland  iron  ore  was  also  recognized, 
though  naturally  the  fact  that  the  rock  was  an  iron-rich  peridotite 
partially  altered  into  serpentine,  as  later  described  by  Wadsworth, 
was  overlooked. 

The  origin  of  the  drift  was  to  him  still  obscure.  Concerning  the 
distribution  in  the  form  of  bowlders  of  the  iron  oi"e  to  the  southward, 
above  mentioned,  he  wrote: 

There  can  not  remain  a  doubt  that  a  violent  current  of  water  has  rushed  over  the 
surface  of  the  State  sincre  the  elevation  and  consolidation  of  all  the  rocks  and  subse- 
quent to  the  deposition  of  the  tertiary  clay,  and  that  this  current  came  from  the 
north.  *  *  *  Upon  the  surface  of  solid  ledges,  wherever  they  have  been  recently 
uncovered  of  their  soil,  scratches  are  seen  running  north  and  south  and  the  hard 
rocks  are  more  or  less  j>olishe<l  by  the  currents  of  water  which  at  the  diluvial  epoch 
counted  over  their  surfaces,  carrying  along  the  pebbles  and  sand  which  effected  this 
abranion,  leaving  ntrijv,  all  of  whi(*h  run  north  and  south,  deviating  a  few  degrees 
occasionally  with  the  changes  of  direction  given  to  the  current  by  obstacles  in  its 
way. 

He  did  not  accept  the  theory  of  drifting  icebergs,  ^'nor  can  we 
allow  that  any  glaciers  could  have  produced  them  by  their  loads  of 
sliding  rocks,  for  in  that  case  they  should  radiate  from  the  mountains 
instead  of  following  a  uniform  course  along  hillsides  and  through 
vallevs/"' 

The  report  was  accompanied  by  six  plates  of  Coal-Measure  fossils 
and  a  geological  map. 

(ieological  work  in  Delaware  at  the  expense  of  the  State  began  and 
ended  with  the  surv(\v  by  J.  C.  Booth,  a  chemist,  during  1837-38. 
Incidentally,  it  may  be  remarked  that  Mr.  Booth's  career  as  a  geolo- 

tfist  was  enuallv  prescribed. 

Booth's  Survey  i  .     ir 

off  Delaware.  A  uiiicjue  feature  of  the  act  establishing  the  survev 

1S37-38.  ^  • 

was  the  re(iuirement  that  an  equal  portion  of  the 
appropriation  should  be  expended  in  each  county,  regardless  of  exist- 
ing conditions.  The  clause  was  presumably  inserted  to  Msiy  local 
jealousies,  but  the  absurdity  of  the  same  is,  nevertheless,  so  great  as 
to  leave  no  room  for  connnent.     In  the  report,  which  appeared  in  the 
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fnnn  of  an  oi-lavo  volume  of  188  p^^i^  in  1841,  the  geol<^ical  forma- 
tions of  the  State  were  divided  ioto  (1)  Primary,  (2)  Upper  Secondary, 
(3)  Tertiary,  and  (4)  Recent.  The  geographical  distnbution  and  litho- 
logical  character  of  each  was  given  in  detail.  The  Primary  included 
goeisti,  feldspathean  rocks  (traps),  limestone,  serpentine,  and  granite; 
the  Upper  Secondary,  the  Red  Clay  Formation  and  the  Green  Sand 
Formation.  The  Tertiary  he  divided  into 
the  northern  Tertiary,  the  southern  Terti- 
ary, the  yellow-olay  formation  of  Appo- 
quinimink  Hundred,  and  the  intermediate 
clays  and  sands.  The  Recent  Formations 
were  divided  into  the  lower  clays,  the  upper 
ttnds,  and  the  river  deposits.  Attention 
was  given  to  the  Greensand  and  to  other 
questions  of  economic  interest. 

The  report  as  a  whole  represent'*  the 
patient  attempt  of  a  man  unversed  in  the 
broader  problems  of  geologj'  who  wrote 
down  only  what  he  saw  and  thought  he 
understood.  His  remarks  on  the  weather- 
ing of  rocks  are  perhaps  the  most  striking.  The  entire  cost  uf  thii^ 
suri-ey  to  the  State  was  $3,000,  of  which  sum  Booth  received  S^.OOO 
for  his  two  years'  work,  the  remainder  going  to  defniy  cost  of  publi- 
cation of  the  report  and  various  incidentals. 

In   1837  there  was  organized  the  lirwt  State  geological  snrvi-y  of 

Indiana,  Dr.  D.  D.  Owen,  who  had  served  as  an  assistant  on  the  survey  of 

Tennessee  under  Gerard  Ti-oosLlH^ing  appointed  State  geologist.     The 

Hfe  of  the  suney  was  limited  to  two  years,  and  two 

ta^ny  bi  indinH,     reports  wcrc  rendered,  one  of  34  jMges,  bearing  date 

of  1838,  and  one  of  54  pages,  l>earing  date  of  1S39." 

The  essential  similarity  of  the  formations  of  Indiana  with  thowe  of 
Ohio  was  recognized.  The  lowest  lying,  oldest  rock,  <-alled  blue 
limestone,^  which  he  regarded  &s  the  equivalent  of  the  Ijower  Silu- 
rian limestones  of  Europe,  was  deHcril>pd  as  forming,  noir  the  com- 
mon boundary  line  between  Indiana  and  Ohio,  it  kind  of  t)ackbone 
which  dipped  gently  in  east  and  west  directions,  gnidualiy  disappear- 
ing in  both  States  beneath  a  series  of  overlapping  stratii  which,  with 
one  exception,  have  uniform  characteristics.  Here  for  the  second 
time  {see  p.  333)  is  recognized  the  presence  of  the  i<iw  swell  known 
later  as  the  Cincinnati  anticline  or  uplift,  which  was  subsequently 
identified  by  Newl>erry  and  Safford  a,s  a  Middle  Silurian  emorgenco. 
This  blue  limestone  wa-*  overlain  by  another  limestone,  regarded  as  the 

"  Reprints  of  these  ap|)eare<l  innler  •lati:'  iif  ISii". 

iiTliin  iH  the  e<niivalenl  of  the  (.'incinnaliaii  ilivNnii  >if  idf  Lmi-r  .-iiliirijiit  "f 
rvcent  writere. 
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equivalontof  the  Clitf  rock  (Niagaras)  of  Doctor  Locke;  this,  in  its  tum, 
by  a  series  of  black  slates,  the  equivalent  of  the  Waverly  sandstones 
of  Ohio,  and  this  in  tarn  by  a  series  of  limestones  in  part  oolitic  and 
the  equivalent  of  the  Ohio  conglomerate.  This  last,  immediateh'  upon 
which  the  coal  formation  rests  at  Oil  Creek,  in  Perry  County,  he  con- 
sidered the  uppermost  member  of  a  new  series,  to  which  he  applied 
the  name  sub-Carboniferous,  ^'as  indicating  its  position  immediately 
beneath  the  coal  or  Carboniferous  group  of  Indiana,'' and  ''which 
merely  indicates  its  position  beneath  the  Carboniferous  group  without 
involving  any  theory." 

Inmiediately  overlying  this  sub-Carboniferous  limestone  was  his 
bituminous  coal  formation,  the  latest  and  youngest  of  the  series  with 
the  exception  of  the  diluvium.  He  regarded  the  bituminous  coal  for- 
mation as  a  part  of  a  great  coal  field  which  included  nearly  the  whole 
of  Iowa  and  Illinois  and  eight  or  ten  counties  in  the  northwestern  part 
of  Kentucky,  and  recognized  the  improlmbilit}'^  of  anthracite  coal  l>eing 
found  within  the  limits  of  the  State. 

He  recognized  the  importance  of  fossils  in  geological  correlation 
and,  through  the  presence  of  the  characteristic*  forms  pentreiuites  and 
archimedi's^  correctly  referred  the  oolitic  rock  to  the  sub-Carbonifer- 
ous, notwithstanding  its  close  lithological  resemblance  to  the  Jurassic 
oolites  of  England  and  the  European  continent.^ 

David  Dale  Owen  was  a  son  of  Robert  Owen,  the  well-known  phil- 
anthropist and  founder  of  the  communistic  societies  at  New  Lanark, 
Scotland,  and  New  Harmony,  Indiana.     He  first  came  to  America  in 

1828,  ])ut  in  1831  returned  to  Europe,  in  company 
EI^DfJiweii.  with  Prof.  H.  D.  Rogers,  for  the  purpose  of  qualify- 

ing himself  in  chemistry  and  geology.  Returning  to 
America  in  1832,  he  studied  medicine  at  the  Ohio  Medical  College  in 
Cincinnati,  from  whence  he  graduated  in  1836. 

His  earliest  geological  work  was  done  in  connection  with  Dr.  Gerard 
Troost  in  Tennessee,  and  his  earliest  independent  work  that  which  has 
just  been  mentioned.  Subse(|uently  he  made  surveys  under  the  United 
States  General  Land  Office,  in  which  work  he  showed  administrative 
ability  of  no  ordinary  kind.  Indeed,  the  organization  and  carrying  out 
of  the  plan  for  a  survey  of  the  mineral  lands  of  Iowa,  Minnesota,  and 
Wisconsin  (in  lS3i^-40)  within  the  short  space  of  time  and  under  the 
conditions  imposed  by  Congress  was  a  feat  of  generalship  which  has 
never  been  eciualh^d  in  American  geological  history. 

«Th*'r«'  are  m  merouH  refcrencoH  in  the  rei)ortH  of  IHi^H  and  1839  to  nections  and  a 
ge<>lo^i<*al  fiiap  which,  however,  were  apinirently  never  publishtMl.  In  a  {lartial 
reprint  lHnirin«r  <hite  of  IH59  entitle<l  "Continuation  of  R<'port  of  the  (teologieal 
Rei-oiniaissitnce  of  the  State  of  In«Iiana."  made  in  1S:{S,  where  reference  is  again 
iniule  t<»  thJH  map,  o<cnrs  the  following  f<M»tnote:  "The  original  j^H)lojji<^l  map  here 
n^fernnl  to  was  de[)otfit<Hl  in  the  State  Hbrary  but  has  not  lH*en  published." 
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His  life  was  one  of  unceasing  jic^tivity  and  furnished  one  more  illus- 
tration of  the  energy,  persistence,  and  virility  of  the  Scotch  emigrants 
and  their  descendants  in  America.  He  is  described  as  a  man  of  amia- 
bility, simplicity,  and  integrity  of  purpose,  and  certainly  was  an  artist 
of  no  inconsidemble  ability,  as  is  exemplified  by  the  sketches  in  his 
numerous  reports.  The  geological  sections  given  by  him  in  the  report 
on  the  Chippewa  land  district  have  never  been  equalled  for  picturesque 
(effect  (see  Plate  19). 

To  properly  appreciate  nmch  that  is  to  follow,  it  must  be  remem- 
l>ered  that,  beginning  with  1807,  all  Government  lands  containing  ores 
were  reserved  from  sale  and  a  system  of  leasing  adopted.  No  leases 
D.D.  Owen's  were,  however,  issued  until   1822,  and  little  mining 

wiiicmin.  !ud*'  was  done  previous  to  182^).  For  a  few  years,  accord- 
luaote.  1&39-40.       jj^g  ^^  Whitney,  rents  for  the  mining  lands  were  paid 

l)y  the  operator  with  comparative  regularit}',  but  after  1834,  in  con- 
se<juence  of  the  innumerable  fraudulent  entries  of  lands  as  agricultural 
which  should,  in  reality,  have  been  reserved  os  mineral,  the  smeltei*s 
and  miners  refused  to  make  any  further  payments,  and  the  United 
States  officers  were  entirelv  unable  to  enforce  the  claims  of  the  Gov- 
ernment. 

In  consequence  of  these  difficulties  a  resolution  was  adopted  in  the 
House  of  Representatives,  on  the  Oth  of  February,  1839 — 

That  the  Prwjident  of  the  United  States  l)e  re<|ue«te(l  to  traune  to  \ye  prepare*!,  and 
prt»t*ente<l  t^)  the  next  Congrea?  at  an  early  day,  a  plan  for  the  eale  of  the  public 
niineral  lands,  having  reference  as  well  to  the  amount  of  revenue  to  l)e  derive<l  from 
them  and  their  value  a«  public  property  as  to  the  e<]uitable  claims  of  individuals 
uiM>n  them;  and  that  he  at  the  same  time  communicate  to  Congretw  all  the  infonna- 
tion  in  podsrsBion  of  the  Treasury'  Department  relative  to  their  l<K*ation,  value, 
pHMluctivenesB,  and  occu])ancy;  and  that  he  t^use  such  further  information  to  l^e 
<*ollec!te<i  and  8ur\'eyH  to  be  ma<le  as  may  l)e  nei'etwary  for  these  purixises. 

In  accordance  with  this  act  Doctor  Owen  was  appointed  (lovern- 
ment  geologist  under  direction  of  the  General  Land  Office  (Januvs 
Whitconil),  Commissioner)  to  make  surveys  in  Iowa,  Wisconsin,  and 
northern  Illinois.  His  first  report,  l)earing  date  of  April  2,  1840,  was 
printed  to  form  House  Document  No.  23J^  of  the  First  session  of  the 
Twenty-sixth  Congress."  It  comprised,  all  told,  1*)1  print«Hl  o<'tavo 
|inges,  with  25  plates  and  maps,  including  a  colored  geologicral  map 
and  s(*venil  colored  set'tions.  Fourteen  of  the  plat4\s  were  from 
Owen's  own  drawings.  The  <listrict  explored  comprised  an  area  of 
aUmt  11JXN>  s(|uare  miles  lying  in  equal  ]K)rtions  on  hoth  sides  of  the 
Mississippi  River,  lK»tween  latitude  41  and  43  ,  In^ginning  at  the 
north  of  Kock  River  and  extending  thence  north  upward  of  loo 
miles  to  the  Wisconsin  River.     (S«m»  tig.  45.) 

"A  n*print  or  Hecond  eilition  of  the  work  wh>4  hrnu^ht  out  in  fnrin  of  Senate  IKn*- 
iinieut  No.  407,  2Hth  ('onKrem,  1H44. 
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Doctor  Owen's  eoniinission  reached  him  at  New  Harmony,  Indiana, 
on  August  17,  1839,  and  its  acceptance  demanded  that  he  explore  "all 
the  land  in  the  Mineral  Point  and  Galena  districts  which  are  situated 
south  of  the  Wisconsin  and  north  of  the  Rock  rivers,  and  west  of  the 
line  dividing  ranges  8  and  9  east  of  the  fourth  principal  meridian; 
together  with  all  the  surveyed  lands  in  the  Dubuque  district,"  and 
complete  his  work  before  the  approaching  winter  should  set  in.  Con- 
cerning these  somewhat  remarkable  conditions,  Owen  writes: 

After  duly  weighing  the  nature  of  my  instructions,  estimating  the  extent  of  ooon- 
try  to  be  examined,  considering  the  wild,  unsettle^l  character  of  a  portion  of  it,  and 
tlie  scanty  accommmlatious  it  could  afford  to  a  numerous  party  (which  rendered 
nei^easary  a  carefully  calculated  system  of  purveyance),  and  ascertaining  that  the 
winter,  in  that  northern  region,  commonly  sets  in  with  severity  from  the  10th  to  the 
middle  of  November,  my  first  impression  was  that  the  duty  required  of  me  was 
impracticable  of  completion  within  the  given  time,  even  with  the  liberal  permission 
in  regard  to  force  accorded  to  me  in  my  instructions.  But  on  a  more  careful  review 
of  the  means  thus  placed  at  my  disposal,  I  finally  arrived  at  the  conclusion  that  by 
using  diligent  exertion,  assuming  much  responsibility,  and  incurring  an  expense 
which  I  was  aware  the  Department  might  possibly  not  have  anticipated,  I  might,  in 
strict  accordance  with  my  instructions,  if  favored  by  the  weather  and  in  other 
respects,  succee<l  in  completing  the  exploration  in  the  required  time. 

I  therefore  immediately  commenced  engaging  subagents  and  assistants  and  pro- 
ceeded to  St.  Louis.  There  (at  my  own  expense,  to  be  repaid  to  me  out  of  the  per 
diem  of  the  men  employed)  I  laid  in  about  $3,000  worth  of  provisions  and  camp  fur- 
niture, including  tents,  wliich  I  caused  to  be  made  for  the  accommodation  of  the 
whole  expedition;  and  in  one  month  from  the  day  on  which  I  received  my  commis- 
sion and  instructions  in  Indiana  (to  wit,  on  the  17th  of  September)  I  had  reached 
the  mouth  of  Rock  River;  engaged  one  hundred  and  thirty-nine  subagents  and  assist- 
ants; instructed  my  subagents  in  such  elementary  principles  of  geology  as  were  neces- 
sary to  the  performance  of  the  duties  required  of  them;  supplied  them  with  simple 
mineralogical  tests,  with  the  application  of  which  they  were  made  acquainted;  organ- 
ized twenty-four  working  corps,  furnished  each  with  skeleton  maps  of  the  townships 
aligned  to  them  for  examination,  and  placed  the  whole  at  the  points  where  their 
labors  commence*!,  all  along  the  southern  line  of  the  western  half  of  the  territory  to 
be  examined.  Thcmv  the  expedition  proceeded  northward,  each  corps  being 
riMjuircii,  on  the  average,  to  overrun  and  examine  thirty  quarter  se<^tions  daily,  and 
to  report  to  myself  on  tixe<l  days  at  regularly  appointe<l  stations;  to  receive  which 
reports,  and  to  examine  the  <.H)untry  in  person,  I  crossed  the  district  under  examin- 
ation, in  an  oblique  direction,  eleven  times  in  the  course  of  the  survey.  Where 
appearances  of  jwrticular  interest  presenteil  themselves,  I  either  diverged  from  my 
route,  in  order  to  In^stow  iiptm  tht»se  a  more  minute  and  thorough  examination;  or, 
when  time  did  not  j)ermit  this,  I  instructed  Dr.  John  Lo<»ke,  of  Cincinnati  (formerly 
of  the  geological  corj)s  of  <  )hio,  and  at  present  professor  of  chemistry  in  the  mc  dical 
college  of  Ohio),  whose  valuable  services  I  had  been  fortunate  enough  tu  engage  on 
ttiis  cxpcilition,  to  insjHM't  these  in  my  stead. 

By  the  24th  of  OctolKjr  the  ex[)loration  of  the  Dubuque  tlistrict  was  completed, and 
the  spe<'ial  rejMjrt.^  of  all  the  townshijys  therein  were  dispatched  to  your  ofhci*  and  to 
the  (jflicc  of  tlie  register  at  l)u)>n<ine.  On  the  14th  of  N<>venil»er  the  survey  of  the 
Mineral  Point  <listri<t  was  in  a  similar  manner  brought  to  a  clow,  iiinl  by  the  24th 
of  XovtMnlKT  our  lalM)rs  finally  tenninate<l  at  Stephenscm,  in  Illinois,  the  examina- 
tions of  all  the  lands  comprehended  in  my  instructions  having  lHt»n  coniplettnl  in 
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two  months  and  six  days  from  the  date  of  our  actual  nmiinenceiiu'iit  in  the  field. 
AIho  several  thousand  specimens — some  of  rare  l>eauty  an<l  interest — were  colleete<!, 
aiTan^i:e<],  and  labeled. 

The  immediate  result  of  this  examination  was  to  establish  the  fact 
"*that  the  district  surveyed  is  one  of  the  richest  mineral  regions,  com- 
pared to  extent,  yet  known  in  the  world.-'  The  area  marked  off  as 
im'ludin^  the  productive  lead  region,  as  shown  by  his  map,  lav  mainly 
in  Wisconsin,  but  comprised  also  a  strip  of  about  eight  townships  on 
the  Iowa  side  of  the  river  and  a])out  ten  townships  in  the  northwest 
corner  of  Illinois^  the  ore-bearing  strata  being  limited  to  a  heavy - 
bedded  magnesian  limestone  which,  on  account  of  its  characteristic 
tendenc}^  to  form  perpendicular  cliffs  when  subjected  to  weathering 
and  erosion,  he  called  the  CI  iff  limestone.  This,  he  thought,  from  its 
fossil  remains,  to  be  the  equivalent  of  the  Tpper  Silurian,  and  perhaps 
a  part  of  the  Lower  Silurian  of  Murchi."^on.  Though  sparingly  devel- 
oped in  the  east,  this,  according  to  Owen,  "'swells  in  the  Wisconsin 
lead  region  into  the  most  remarkable,  most  important,  and  most  bulky 
meinl>er  of  the  group.  It  becomes,  as  it  were,  the  Aaron's  rod,  swal- 
lowing up  all  the  rest,"  and  attaining  a  thickness  of  upward  of  500 
feet." 

Owen's  principal  assistants  were   Dr.  John    Ijocke,  who  reported 
niainly  on  the  barometrical  observations,  with  particular  reference  to 
the  measurement  of  altitudes  and  the  making  of  geological  sections, 
and  a  Mr.   E.   Phillips,  who  reported  on  the  tini})er,  soil,  and  pro 
ductiveness  of  the  region. 

On  April  IS,  183S,  Abniham  Gesner,  whose  work  in  Nova  Scotia 
we  have  already  referred  to  (p.  33r)),  was  appointed  ]>rovincial  geologist 
of  New  Brunswick,  a  position  he  continued  to  hold  until   1843,  nr.ik- 

ing  during  this  time  five  brief  reports,  comprising 
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New Bnmswfck.        altogether  but  440  pages.     A  partial  geological  map 

was  prepared,  but  never  published.  A  considerable 
portion  of  the  reports  was  given  up  to  a  discussion  of  economic  mat- 
ters, particularly  the  coal  bi'ds,  the  value  of  which,  as  noted  later,  he 
(fuite  overestimated.  The  tirst  four  reports  deal  largely  with  that 
portion  of  the  province  south  of  the  Miramichi,  Nashwaak,  and  St. 
John's  rivers.  The  fifth  and  last  (1H43)  describes  the  country  of  the 
upper  St.  John  and  that  between  the  headwaters  of  the  Tobicjue  and 
Ristigouche  rivers. 

A  gradual  advance  is  to  })e  noted,  particuhirly  where  (fcsncr  in  his 
seeond  report  subdivided  his  gmywacke,  which  he  thought  conipanible 

"T«»  JamoH  Hall's  projM»sition  to  stilfntittitc  tin*  naiiu'  \lntf<(nt  for  Cfijf',  <>Wi*n 
objrrtiNl,  claiming  that  the  Niagara,  as  known  in  tin*  oast,  n'j>n'seiittMl  only  a  part 
of  tilt'  formation  lie  was  ilfscrilnn^.  In  this  last  li«'  was  ciTtainly  ri^ht,  nmri'  r<M«'nt 
work  having  shown  that  his  (Miff  liinest«Mu*  inrhuh**!  also  IhmIs  lu'longin^r  to  what  is 
now  known  as  tin*  TrtMiton  i»t*ri<Ml  of  the  lA>wer  Silurian. 
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with  Murchi.soirs  Silurian,  into  upper  and  lower  mein]>cr8,  of  which 
the  upper  contained  a  fossil  inollusk  which  he  identified  as  a  terebmt- 
ulite,  and  which  Dr.  G.  F.  Matthew''  thinks  to  have  l>een  prolmbly 
a  somewhat  poorly  preserved  Orthis  hUlhujsL  He  also  reported 
the  finding  of  remains  of  conifers,  ealamites,  and  a  cactita  (?),  the  last 
being  legarded  by  Matthew  jis  some  form  imitative  of  a  stigmaria. 
Though  the  full  significance  of  these  fossil  remains  was  not  appre- 
ciated by  Gesner,  yet  he  must  be  regarded  as  a  pioneer  in  making 
known  the  flom  of  both  the  Cambrian  and  Carl)oniferous  beds  in  New 
Brunswick. 

In  his  fourth  report  he  classed  this  graywacke  with  Sedgwick's 
Cambrian.  Almut  this  time  (1842)  he  seems  to  have  become  acquainted 
with  Agassiz's  glacial  theories  and  referred  to  the  expressed  opinions 
of  Lyell  and  Buckland  with  reference  thereto,  but  thought  that  "the 
general  occurrence  of  diluvial  grooves  and  scmtches  upon  the  sur- 
faces of  the  rocks  *  *  *  can  not  in  general  be  explained  unless 
])y  admitting  that  a  great  current  of  water  has  passed  over  the  coun- 
try from  the  north  toward  the  south,"  though  "  it  appears  that  ancient 
glaciers  have  had  a  pow<»rful  influence  in  the  accumulation  of  those 
parallel  mounds  of  erratic  sand  and  gravel  observed  in  different  parts 
of  these  provinces,  and  likewise  they  may  have  been  the  means  whereby 
bowlders  of  granite  and  other  rocks  have  been  scattered  over  the 
ccmntrv.'' 

In  this,  his  fifth  report,  he  gave  a  genend  description  of  the  coal 
fields  of  the  province,  which  h(»  estimated  as  embracing  an  area  of 
S,7oo  siiuarc  miles,  or  n(*arly  one-third  the  entire  are^i  of  New  Bruns- 
wick, making  it  one  of  th(*  largest  in  the  world.  Through  the  influ- 
ence of  these  n^ports  a  great  deal  of  interest  was  excited  in  the  public 
mind  concerning  the  mineral  wealth  of  the  province.  A  large  num])er 
of  mining  adventures  were  undertaken  with  the  expectation  of  imme- 
diate and  favonible  returns.  Few  of  these  were,  however,  successful, 
and  the  reaction  in  public  feeling  tended  to  throw  discredit  on  Ges- 
ner's  work  and  probably  was  influential  in  terminating  his  engage- 
ment, the  survey  being  brought  to  an  abrupt  conclusion  in  1848. 

The  j)roblem  of  the  T(M*tiarv  deposits  of  the  southern  Atlantic 
States,  which  up  to  date  had  l)een  touched  upon  in  a  scientific  manner 
onh*   ))y    Finch,    Morton,    Vanuxem,   and    Lea,   was  again,  in    1H3JI, 

tak(Mi  up  by  T.  A.  Conrad.  In  the  journal  of  the 
on  the  Tertiary.  Philadelphia  Academy  of  Sciences  fen*  this  year  Con- 
rad described  the  Tertiary  of  Maryland  as  occupying 
all  the  tnict  south  of  an  irregular  line  running  from  the  vicinity  of 
Baltimore  to  Washington,  the  Potomac  being  the  western  and  the 
CheNapeake  the  eastern  boundary.     Tlu*  d(»posit  in  the  vicinity  of  Fort 

«  Bulletin  ir>,  Natural  History  Society  of  New  Brunswick,  1897. 
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Washington  on  the  Potomac,  lie  suc^jrested,  whs  [)r(>biil)h'  conteinpo- 
raneoiLs  with  the  London  rlav,  i.  e.  Eocene. 

The  cause  of  the  change  in  the  character  of  aniinai  life  between  rocks 
belonging  to  the  different  aniinal  horizons,  was  regarded  by  Conmd  as 
due  to  climatic  changes.  *" Periodical  refrigeration  alone  can  explain 
the  sudden  extinction  of  whole  i*aces  of  animals  and  vegetables/' 

It  is  well  to  note  that  in  his  (leological  Report  for  the  State  of  New 
York,  Connid  recognized  the  fact  that  in  the  esirlier  ems  of  our  planet 
the  temperature  was  uniform  and  the  seas  compamtively  shallow. 
Hence,  he  thought,  in  theold<M*  rocks  we  should  expect  to  find  organic 
remains  l>elonging  to  one  group  of  species  over  the  whole  globe. 
Deep  erosion  and  greater  variation  of  temi)erature  had  caused  more 
uncertainty  in  the  Upper  Tertiary  formations. 

In  connection  with  Connid's  work,  it  may  not  be  out  of  plai-e  to  not^*. 
that  Prof.  J.  L.  Itiddell  this  same  year  described  the  surface  geology 
of  Trinity  County,  Texas,  and,  basing  his  determinations  mainly  on 
the  l>eds  of  lignite  there  found,  put  down  the  prevailing  sandstone 
as  Tertiarv. 

Incidentally,  also,  it  may  be  noted  that  during  1840  Mr.  James  T. 
Hodge  made  a  trip  through  the  eastern  portion  of  the  southern  Atlan- 
tic States  and  made  extensive  collections  of  fossils,  which  wen*  turned 
over  to  Conrad  for  identification.  IIodge*s  notes,  as  j)ublished  in  the 
Transactions  of  the  Association  of  American  Geologists,  contain  little 
of  geological  value,  ])ut  the  list  of  fossils  comprised  some*  ll^4spiH*ies,  of 
which  8*2  were  then  new  to  science.     All  were  of  Tertiarv  age. 

Conrad  was  lx)rn  in  Philadelphia  in  1S()8,  and  from  early  youth 
showed  a  decided  taste  for  natural-history  studies,  though  for  a  time 
following  the  «dling  of  his  father     that  of  a  publisher  and  printer. 

The  work  noted  on  page  'MH>  was  his  second  of  gtM>log- 
skctchofCoarad.       ical  importanc<»,  and  was  preceded  also  in  ls81  by  a 

paper  on  American  marine  conchology.  Of  his  subs(»- 
«|uent  writings  on  conchoh)gy,  paleontology,  orgenenil  geology  upward 
of  twenty  relateil  to  the  Tertiary,  and  it  is  upon  these  that  his  fame  as  a 
g«H>logist  chiefly  rests,  though  in  addition  he  descrilKnl  the  fossils  <-ol- 
Iccted  by  the  Wilkes  exploring  exp<'dition,  by  Lieutenant  Lynclfs 
«*x|>i»dition  to  the  Dead  S4*a,  by  the  M<'xi<'an  boundary  survey  under 
Lieutenant  Emery,  and  was  first  geologist  and  then  pah'ontologist 
to  the  New  York  State  survev. 

» 

Personally  Conrad  was  |KH'uliar. 

Il«»  wn»te  hit*  lt»tU»rH  and  laU'ln  fn»<|iu'ntly  on  all  i**trXt*  nf  f*<Ta[>H  «»f  )ia|H'r.  jr<*iHT:illy 
wtthoiit  «laU*or  hx^ation.  \lv  \vti>  naturally  rarclcH*'  or  iiiinictlKMlital,  aii«i  Inh  cita- 
ti<*iii«  of  other  atithon<'  works  i-aii  not  1h*  ^(af(>ly  tru^t4M|  without  Ncririration.  an«i  an* 
itpually  tn<*oni|>l(*t<*.  lit*  had  a  vitv  |MM»r  niiMiiory.  and  on  H*\«'nti  (KTasions  liai^ 
n'«hi*iTilied  hi»*  own  himh'Ki*.  Thin  d«*fiH't  inrn^a.-^'d  with  aj^^-.  and.  whih*  no  «|n«*f<tioii 
of  willful iiiiaKtateinent  dchhI  ari.M*.  niad«'  it  ini|M»fyihlc  to  phu-c  ini|>li<-it  conlidcnrr  in 
his*  own  reoollectiona  of  nuch  iimUers  an  duU-y*  «if  puhlication.     (ihiii.) 
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lie  hinKs<*lf  says,  in  a  rhanictoristic  letter  to  F.  B.  Meek,  written 
July,  I8f>3: 

I  jr<»  on  Monday  to  help  H.  ferret  out  my  skulking  specieH  of  {)al*)Zoie  nliellH. 
May  the  reeording  angel  help  nie.  God  and  I  knew  them  onee,  and  the  Almighty 
may  know  still.     A  man's  memory  is  no  [)art  of  his  soul. 

Conrad  wa-s  bitterly  opposed  to  the  doctrine  of  evolution,  and  pre- 
dicted that  Darwiivs  wild  speculations  would  soon  be  forgotten.  Every 
geological  age  came,  according  to  him,  to  a  complete  close,  and  the  life 
of  the  succeeding  one  was  a  wholly  new  creation.  His  feeling  on  this 
subject  is  well  shown  in  a  letter,  also  to  Meek,  dated  February,  1869, 
where  he  sa3's: 

I  sent  you  to-day  a  copy  of  my  paper  in  Kerr's  geological  report.  I  perceive  by 
Coi)e,  Martin,  and  Hayden's  researches  that  they  have  not  found  that  phantom  of 
the  imagination,  a  formation  between  chalk  and  Eocene.  The  worl<l  has  been  so 
thoroughly  harried  by  despairing  development  j)hiloso[>hers  with  so  little  result  that 
they  may  as  well  say  the  ''game  is  up,"  and  not  8i)eculate  on  lost  fonnations  lying 
at  the  bottom  of  the  o<;ean,  a  desperate  exjHMlient  to  save  genetic  succession.  It  is 
strange  that  geologists  can  not  recognize  an  Azoic  era  after  the  chalk.  I  CM)nsider,  in 
the  light  of  paleontology,  the  advent  of  one  only  form  of  life  in  the  beginning  to  In* 
ahstinl.  The  history  of  Lingula  ought  to  teatrh  us  the  permanence  of  certain  forms 
of  life  from  the  l>egiiming,  while  thousands  of  others  were  created  and  died  out. 

Poor  in  health,  given  to  melancholy  and  low  spirits,  he  furnished 
to  American  geological  history  that  which  has  a  counterpart  only  in 
Percival,  and  like  Porcival,  it  may  be  added,  he  was  sometimes  given 
to  rhyming,  though  uidike  Percival,  he  was  slovenly  and  careless  in 
his  work  to  a  point  beyond  endurance. 

His  melancholy  increased  with  age,  and  frequent  ill  health  caused 
him  at  times  to  los<^  interest  in  ever\'  undertaking. 

A  jH'rio<l  of  moping  wouM  tisually  end  in  his  writing  8(une  verses  which  uoImmIv 
wouM  praise,  and  this  stvmiMl  suthciently  to  nettle  him,  to  roust*  him  thoroughly, 
and  he  would  liecome  again  enthusiastic  in  the  matter  of  shells  and  fossils. 

It  was  j)resumably  during  one  of  these  moping  ]>eriods  that  he 
wrote  again  to  Meek  under  date  of  October  24,  IHiM:,  as  follows: 

1  am  troubled  with  the  cui  lM)no  malady,  and  frequently  wish  to  \ye  under  the 
'*(lo<ls  of  the  vallev."  The  idea  of  suicide  haunts  me  ccmtinuallv,  and  I  wish  to 
iivt  to  work  to  banish  the  horrors,  but  whatever  side  1  look  at  work  it  brings 
expenses  1  think  I  would  regret.  Singtilar  inconsistem-ies  of  man.  I  don't  expe<'t 
to  live  much  longer,  yet  shrink  from  exj»enses,  but  such  is  the  hanl  mental  twist 
that  earlv  povertv  «:ives  the  min<l.  Mv  blues  hav(»  be>en  considerablv  increasiMl  bv 
the  death  of  Doctor  Moore /'who  I  loved  m(»re  than  most  other  men,  and  by  the 
death  of  my  nearest  and  dcan'st  >ister  with  whom  I  lived  in  Trenton.  Now  I  must 
phnige  into  the  marl  IkmIs  to  krej»  tip  a  little  time  longer  and  hojx'  to  finish  the 
Mjocrne  ligiires  l>efon'  I  go  when'  no  <lreanis  of  new  <lis<*overies  will  haunt  me. 
Mxcnse  this  ctrntism;  it  is  the  la>t  of  it;  but  vou  now  S4'e  wliv  I  do  so  lijtie.  Oidv 
one  tbiiivr  remains.  I  don't  suppose  yoti  feel  the  want  <»I  a  lnune,  but  I  have  felt  it 
all  ni\   life,  and  the  drranis  of  an  Mgeria   hav«'  overtop|K*<l  the  dreams  of  science,  so 

'  I>r.  \V.  1>.  M(K>ri',  of  the  Inivei-sity  of  Mississippi. 
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that  in  the  midnt  of  geologi(»I  pursuits  a  horriil  vacancy  has  yawned  in  my  heart, 
and  a  j^nnin^  devil  laughed  over  a  drawer  of  fossil  shells.  A  small  Hamlet  in 
science,  I  gn>w  old  an<l  reform  not. 

Conrad,  though  priinarih'  a  imleontologlst,  was  soinotinies  drawn 
out  of  his  chosen  field  hy  phenomena  too  obvious  to  be  overlooked, 
and  concerning  the  nature  of  which  little  was  actually  known,  even  by 

the  best  authorities.  The  occurrence  of  enormous 
SeDrtft.fSSQ.*^  l)owlders  in  the  drift  and  resting  often  upon  uncon- 
solidated sand  and  gravel,  naturally  called  for  an 
explanation.  That  such  could  not  have  been  ])rought  into  their  present 
position  through  floods  was  to  him  obvious,  neither  could  they  have 
been  floated  by  ice  floes  from  the  north  during  a  period  of  terrestrial 
depression. 

He  assumed,  rather,  that  the  country,  previous  to  what  is  now 
known  as  the  glacial  epoch,  was  covered  with  enormous  lakes,  and 
that  a  change  in  climate  ensued,  causing  th(»m  to  })ccome  frozen 
and  converted  into  inmiense  glaciers.  At  the  same  time,  elevations 
and  depressions  of  the  earth's  surface  were  in  progress,  giving  various 
degrees  of  inclination  to  the  frozen  surfaces  of  th(»  lakes,  down  which 
l)owlders,  sand,  and  gravel  would  be  impelled  to  great  distances  from 
the  points  of  their  origin.  The  impelling  force  might,  in  some  cases, 
be  gTa\nty  alone;  but  d-uring  the  close  of  the  epoch,  when  the  tempera- 
ture had  risen,  vast  landslides — avalanches  of  nnid  tilled  with  detritus  - 
would  be  prop)elled  for  many  miles  over  these  frozen  lakes,  and  when 
the  ice  disappeared  the  same  would  be  deposited  in  the  form  of  a 
promiscuous  aggregate  of  sand,  gnivel,  pebbles,  and  bowlders.  The 
ix>lished  and  scmtched  surface  of  the  rocks  in  western  New  York  he 
as<*ribed  to  the  action  of  sand  and  pebbles,  which  were  carried  by 
moving  l>odies  of  ice,  that  is.  apparently,  to  loiuil  glaciation. 

The  vearlS3?*  seems  to  have  been  one  of  remarkable  activitv  amongf 
American  geologists.  Moreover,  the  various  publications  ])egiui  to 
show  a  greater  variation   in  individual  opinion  and  a  disposition  on 

the  part  of  many  to  judge  for  th(»mselves  rather  than 
vSwJT fiio!^**'*      follow  too  implicitly  the  opinions  of  others.     Many  of 

the  ideas  put  forward  were  naturally  crude  (How  could 
they  be  otherwise?),  but  furnish  us  with  a  very  good  insight  into  the 
gradual  evolution  of  ideas  u\H)n  a  great  variety  of  su))jects. 

Cieorge  E.  Hayes  wrote  upon  the  geology  and  topography  of  western 
New  York  and  incidentally  put  forth  several  theoretical  ideas  worthy 
of  mention,  even  though  ill-founded.  He  took  occasion  to  deplore  the 
common  custom  of  invoking  the  assistance  of  the  Noachian  deluge  to 
account  for  such  results  as  <*rosion  and  the  distribution  of  the  drift. 
He  felt  that  '"the  condition  of  a  c(mtinent  graduallv  elevated  from  the 
o<*ean,  whether  by  volcanic  action  or  by  the  expansive  force  of  crys- 
tallization, or    bv   anv  other  cause   whatever,    would    l>e  such   as   to 
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account  for  all  the  geological  phenomena  hitherto  attributed  to  the 
mechanical  action  of  watiM-/'  The  formation  of  such  terrace^s  as  Hitch- 
cock had  d(»scril)ed  in  the  valley  of  the  Connecticut  he  thought  might 
be  due  to  the  action  of  waves  and  tides.  He  regarded  it  as  idle  to 
supiK)se  that  existing  streams  have  carv^ed  out  their  own  channels,  and 
ridiculed  the  ide^i  that  the  falls  of  Niagara  were  once  at  Lewiston, 
seven  miles  below  their  present  position,  as  had  been  contended  by 
the  English  geologist,  Bakewell. 

He  also  decried  all  attempts  at  estimating  the  age  of  the  falls  or  the 
time  l)efore  they  would  so  far  cut  back  as  to  drain  Lake  Erie.  It  was 
his  idea  that  the  channel  below  the  falls  was  cut  while  the  rocks  were 
being  slowly  raised  above  the  level  of  the  gre^it  inland  sea  and  forming 
a  limestone  ridge  or  reef  across  which,  at  its  lowest  points,  strong 
currents  would  alternately  sweep  during  the  ebb  and  tlow  of  the  tides. 
As  the  elevation  progressed  the  currents  would  become  more  and 
more  confined  to  the  weakest  and  lowest  points  in  the  barrier,  until 
in  course  of  time  the  whole  force  of  the  conflicting  currents  would  l^e 
concentrated  at  one  ix)int.  "The  power  of  the  waves  and  the  influx 
of  the  tide  operating  from  below  would  be  applied  to  the  best  possible 
advantage  in  tearing  up  the  stnitH  which  most  impeded  their  course, 
while  the  current,  combined  with  the  receding  tide,  would  carry  off 
the  fi'agments.  In  this  manner  the  valley  of  the  Niagara  was  doubt- 
less formed.''     (See  HalKs  views,  p.  384.) 

The  lake  ])eds  of  the  region  hi^  imagined  to  have  been  formed  by  the 
unecjual  erosion  along  the  edges  of  uplifted  sti*ata,  Lake  Erie  lying  at 
the  junction  of  shale  and  limestone.  Before  this  limestone  had  liecome 
sufficiently  elevated  to  shut  out  the  sea  from  the  basin  now  occupied 
by  the  lakes  he  conceiv(»d  a  strong  current  to  have  set  in  through  the 
Gulf  of  St.  Lawrence,  finding  its  way  through  the  valleys  of  the 
Mohawk  and  Hudson,  and  dropping  on  it^s  course  the  large  quantity 
of  bowldeis  foreign  to  the  localities  now  so  plentifully  distributed 
over  the  surface. 

As  early  as  1S23  (xovernor  Woodbury,  in  his  message  to  the  State 
legislature  of  New  Hampshire,  had  reconunended  an  agricultural  sur- 
vey, having  particularly  in  mind  chemical  investigations  of  the  various 

kinds  of  soils.     It  was  not,  however,  until  1839  that, 

Jackson's  Survey  of  ....  ^    r^  t^ 

New  Hampshire,        uiidcr  tlic  earnest  solicitation  of  (rovernor  Irafife,  a 

1839-40.  1        •       1  J  •  1        •       1  .J 

geological  and  mmemlogical  survey  was  organized, 
and  Dr.  C.  T.  Jackson  placed  at  its  head.  This  survey  continued  for 
three  years,  r(M(»iving  annual  appropriations  of  $8,(K)0  to  cover  all 
(»xp(Mises.  The  tinal  report  appeared  in  the  form  of  an  octavo  volume 
of  37r>  pages,  with  two  plates  of  colored  sections  and  an  uncolored 
map  of  the  State  on  which  the  various  formations,  or,  rather,  rock 
tvpes,  were  indicated  l)v  numb(»rs.     The  localities  of  useful  minemls, 

«    J.  • 

peats,  etc..  W(Me  also  indicated,  as  were  the  dip  and  strike  of  the  more 
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iin|X)rtant  rock.s.     J.  I).  Whitney  served  as  assistant  in  the  laboratory 
of  the  survey. 

As  with  other  of  Jackson's  re|X)rts,  this  >v()rk  contained  scarcely 
anything  of  a  theoretic  or  advanced  nature,  although  he  did  suggest 
that  the  apparent  dipping  of  the  Vermont  marble  beds  under  the  Green 
Mountains  might  be  due  to  ^'a  folding  or  doubling  back  of  the  strata, 
which  may  curve  around  and  pass  down  toward  the  shores  of  Lake 
Cham  plain,  where  the  same  strata  may  be  composed  of  marine  shells/' 
He  noted  also  that  the  secondary  rocks  must  at  some  time  have  been 
horizontal  and  formed  a  contimious  deposit  extending  entirely  across 
the  region  now  occupied  by  the  White  Mountains.  If,  however,  the 
!!*€K?ondarv  strata  were  to  be  restored  to  their  original  horizontal  posi- 
tion, he  found  an  insufficiency  of  materials  to  cover  the  gap  left  by 
the  removal  of  the  primary  ro<ks  composing  these  mountains.  This 
he  would  ascribe  to  the  breaking  up  of  the  secondary  rocks  at  this 
point  through  the  sudden  elevation  of  the  primaries  and  a  more  or  less 
altering  of  the  same  by  heat. 

It  was  Jackson's  idea,  as  set  forth  in  this  report,  that  highly 
inclined  stratified  r<x;ks  could  have  been  made  to  assume  that  position 
only  by  some  <listorting  cause  other  than  aijueous  action.  This  cause 
he  conceived  to  1m»  ** a  deep-seated  power  residing  in  the  interior  of 
the  crust  of  the  globe,''  the  power  itself  being  furnished  by  the 
•'great  caldron  of  molten  rocks  and  pent  up  gases  and  steam,  there 
IxMng  no  more  difficulty  in  our  con<'eiving  of  the  adequacy  of  this 
force  than  in  the  j)rodigious  power  of  steam  in  moving  the  enormous 
engines"  daily  seen  in  openition.  He  conceived  that  a  bett(»r  idea  of 
this  power  might  1h»  giiined  if  one ''look  to  the  dimensions  of  the 
earth's  great  lK)iler,  and  consider  the  compamtive  thinness  of  its 
sides."  Volcimoes  he  devoutly  referred  to  as  safety  valves  which 
prevent<»d  a  general  upbursting  of  volcanic  tires,  and  "'hold  all  in  the 
most  |>erfect  order,  and  preserve  the  earth  in  safety." 

His  views  regarding  the  glacial  drift  would  seem  to  have  undergone 
no  appreciable  change  since  1.S81*,  although  |M»rhaps  somewhat  dif- 
ferently expressed  in  the  later  reports.  He  wrote  of  this  drift  as  du(» 
to  the  **oc<»an  wat*»rs  and  se^s  of  ice  from  the  jK)lar  regions  having 
been  hurliHl  with  violeme  over  the  surface  of  the  northern  hemisphere 
during  a  perio^l  of  shallow  subsidence*."  The  drifting  of  lH)wlder- 
laden  iceliergs  wouKl  account  for  the  glacial  stria',  but  the  glacial 
theory  of  Agassiz  he  looked  upon  as  (juite  insufficient  and  absurd.  It 
is  to  1h»  noted,  however,  that  his  only  conception  of  glaci<»rs  was  .that 
of  mountain  glm*iers  of  tin*  Swiss  ty|M',  the  onetime  presence  of 
which  was  disproved  by  the  nonra<liating  charact4'r  of  the  drift  and 
stria*.  This  glacial  t!o<Hl  to  which  he  now  appealed.  liow«'ver,  was  not 
regardcnl  as  cont4Mn]K>nineous  with  the  Noachian  deluge,  !»ut  as  having 
cKvurred  liefore  the  advent  of  man. 


3WI 


KKPOKT   OF    NATIONAL    MUSEUM,  1004. 


He  recognized  tlie  plant  origin  of  the  coul  bed^,  considering  them 
as  products  of  growth  in  low,  moist,  and  warm  bogs,  which  were  at 
no  greiit  height  above  sea  level,  and  which  were  frequently  subjected 
to  slow  anti  graduiil  submergence  and  reelevation,  in  this  following 
the  other  authorities  of  the  day. 

In  1837  there  was  organized  a  State  geological  survey  of  Michigan, 

the  sum  of  ^S,000  being  appropriat«d  for  the  carrying  out  of  the 

work  the  lii-st  year,  the  amount  licing  increased  to  $6,00(),  $8,000,  and 

$12,000,  respectively,  for  each  of  the  three  succeeding 

Mfcfi^n"  iMT^i'."  years,  which  limited  the  life  of  the  organization. 

Douglass  Houghton,  then  not  30  years  of  age, 
was  made  State  geologist,  and  during  his  term  of  office  issued  five 
annual  reports,  the  last  bo^nng  date  of  1B42.  His  chief  assistants 
were  Itela  Hublmrd  and  C  C.  Douglas.  During  the  winter  of  1837-38 
the  survey  was  reorganized  with  particular  reference  to  prorisionit 

^ for  zooh>gical,  botanical,  and  topographical 

dc{>artments,  and  additional  assistants  were 

Q  appointed  to  take  charge  of  these  branches 

of  the  work. 
In  his  first  annual  report,  a  document  of  37 
pages,  Houghton  noted  the  geologit»l  fea- 
tures of  the  Lower  Peninsula,  classifying  the 
^       *  .  "^  ^^,  formations  under  the  heads  of  upper  sand 

^L  rock,  gray  limestone,  and  lower  sandstone  or 

^^^^^V^^^^^^j     gray  wftcke  group,  Ijing  for  the  most  part  in 
^^^^^B^H^^^^^H     nearly  horizontal  positions.     The  sandstones 
^^^^r^^^^^^^^l     of  the  I'pper  Peninsula  were  regarded  ils 
^^^^^^^^^^^^^H     l^eloiiging  to  the  Carboniferous  series." 
Fill  ai— UiiiiUubUmi.  I"  his  second  atmual  report  he  detailed 

the  topognkphicul  and  general  character  of 
the  northern  portion  of  the  peninsula,  with  special  remarks  upon  the 
clavM.  marls,  and  gypsums.  He  devoti'd  considerable  attention  to  a 
considcnitioii  of  ihc  cliangi' of  elevation  in  the  waters  of  the  Great 
Ijikcs,  which  wore  then  at  a  higher  point  Chan  had  been  known  for 
many  years.  Jlariy  rather  startling  and  mysterious  reports  had  been 
previously  <'irculatcd  regiiitling  the  abrupt  change  in  the  level  of  the 
water  of  the  lakes,  and  hence  Houghton's  report  at  this  time  was  of 
particular  signiticancc.  His  conclusions  were  to  the  effect  that  the 
entiit!  series  of  changes  were  due  to  i>eriods  of  increased  rainfall. 

A  HiM'cial  report  on  the  State  salt  springs  was  also  submitted  at  alvout 
this  time.  In  this  Houghton  announced  that  he  had  visited  the  salines 
of  I'ciiMM  IvHiiiu.  Viigiiiiu.  and  Ohio  with  the  view  of  act|uiring  infor- 
imition  ti)  guide  his  jnoii'dure.  and  had  commenced  the  lx>ring  of  two 
wells     c.ric  on  llic  Tiltiibawassec.  near  the  mouth  <»f  Salt  Kiver,  and 
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the  other  at  Grand  River,  a  few  miles  west  of  (Irand  Rapids.  Both 
wells,  it  may  be  stated,  have  proved  failures,  owiii^  to  the  weakness 
of  the  brine. 

The  third  animal  report,  of  111  paji^es,  contained  a  description  of  the 
topography  and  geology  of  the  portion  of  the  Upper  Peninsula  bor- 
dering on  Lakes  Michigan  and  Huron,  together  with  notices  of  the  coal, 
iron,  stone,  and  bog  ores  of  the  southern  peninsula.  The  rocks  of 
the  Upper  Peninsula  were  classified  as  primary  and  8edimentar3%  the 
latter  being  subdivided  into  a  lower  lime  ro<'k  and  shales  and  upper 
lime  HK'ks. 

The  fourth  annual  report,  1841,  was  given  up  largely  to  articles  by 
Doctor  Houghton  on  the  toix)gi*aphy,  geology,  and  minemlogy  of  the 
country  bordering  Lake  Superior.  This  contained  also  a  description 
of  the  mineral  veins  of  the  tnip  and  conglomerate.  Although  not  so 
stated  liere,  it  may  be  well  to  remark  that  Houghton  regarded  the 
copi>er-l)earing  veins  of  the  Lake  Superior  region  as  fissure  veins 
tilled  from  below  by  th(»  metiil  in  a  state  of  vai)or  or  of  compounds 
having  their  origin  from  copper  in  the  native  form. 

The  fifth  anmial  re|M>rt  was  limited  to  but  six  pages,  owing  to  the 
fact  that  the  appropriations  by  the  legislature  were  curtailed,  the 
eountrj'  suffering  under  pressure  of  a  financial  crisis.  Houghton  was 
not,  however,  content  to  drop  the  work,  and  in  1844,  in  connection 
with  \V.  A.  Burt,  devised  a  plan  for  connecting  the  linear  surveys  of 
the  public  lands  of  the  Tnited  States  with  the  geological  and  mineml- 
og'ical  survey  of  the  country.  This  plan  was  fully  set  forth  in  a  jmper 
prejmred  and  read  by  him  })efore  the  Association  of  American  (leolo- 
l^ists  at  Washington  in  that  year.  Under  the  recommendation  of  the 
(teneral  I^md  Office  Congress  appropriated  funds  for  the  puriK)se,  and 
I)<M*tor  Houghton  was  appointed  to  undertake  the  work.  According 
to  the  plan  thus  agreed  uiK)n  Mr.  Burt  was  to  take  charge  of  running 
the  township  lines  of  the  U{)per  Peninsula,  the  sulnlivisions  to  be  nmde 
by  deputy  surveyors,  and  I)(K*tor  Houghton  was  to  have  the  director- 
ship of  the  entire  work.  The  rocks  crossi»d  by  lines  were  to  be  exam- 
intnl,  and  observation^  made  as  to  the  gen(»ral  geological  and  tojio- 
graphical  features  of  thecimntry.  The  system  had  been  fairly  organ- 
ized and  the  field  work  of  one  season  nearly  completed  when,  on  the 
IHth  of  ()ctolM»r,  184r),  I)<K'tor  Houghton  met  his  <leath  by  drowning 
during  a  snowstorm,  while  making  his  way  in  an  o|mmi  saillN>at  along 
the  west  shore  of  I^ike  Superior. 

Houghton  graduatt'd  in  IS:>Hat  what  was  then  America's  chief  train- 
ing sch(M)l  for  geologists,  the  RensM»hu»r  Polyte<*hnic 
skHck  mi Homghton.  Institut4%  and  W2IS  almost  immediately  apiK)inted  assist- 
ant to    Professor    Fjiton.      In    \s:m\^   having    l»ut  just 
attnined  his  majority,  he  deliven»d  a  course  of  hM*tures  at  Detroit  on 
chemistry,  lK)tany,  and  geology,  an  examj)le  no  man  of  sevenil  times  his 
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Mgo  would  care*  to  follow  to-day  unless  quit<^  rejifardloss  of  his  reputa- 
tion. I^ut  such  was  the  condition  of  knowledge  at  that  time*.  In  1S81 
he  entered  upon  the  pnu'tiee  of  medicine,  and  soon  after  received  the 
appointment  of  sur^reon  and  botanist  to  the  expedition  under  School- 
craft for  the  discovery  of  the  sources  of  the  Mississippi.  His  public 
career  as  a  scientitic  man  began,  therefore,  with  that  date. 

Houghton  is  described  l)v  his  biogmpher"  as  a  man  of  rather  small 
stature,  with  hands  and  feet  small  and  delicately  formed;  head  large 
and  well  developed;  with  })lue  eyes,  well  sheltered  underneath  massive 
brows,  and  showing  upon  his  ears,  nostrils,  and  mouth  scars  from  an 
accidental  explosion  of  powder,  which  took  place  during  some  of  his 
bovish  experiments.  In  earlv  life  he  had  suffered  severelv  from  a 
hip  disease  which  had  left  one  leg  a  little  short,  though  not  sufficiently 
so  to  cause  him  to  limp.  His  temperament  was  warm  and  nervous; 
his  movements  quick  and  earnest.  Young,  ardent,  and  generous  to  a 
fault,  he  seems  to  have  made  friends  wherever  he  went,  and  soon 
became  the  most  prominent  and  popular  man  in  the  State. 

FA'erywIu're  his  ability  and  energy  were  aeknowledgeil.  No  name  throaghout  the 
distant  and  rnral  districts  was  so  often  uttered.  His  daring,  his  generous  ai*t«,  his 
g(HMl  liunior,  his  racy  stories  were  repeate<l  everywhere.  ♦  *  *  Even'  man 
st»eine<l  to  ft*el  a  pri<le  in  tlu*  growing  eelebrity  of  Houghton,  and  the  familiar  epi- 
thets'*Tlie  little  doctor,"  '*()ur  Doctor  Houghton,"  '*  Tlie  boy  geologist  of  Michi- 
gan," iK'canie  common  throughout  tlie  State. 

"Alvali  Hradish,  Memoir  of  Douglass  Houghton,  Detroit,  18SU. 


CHAPTER  IV. 

THE  ERA  OF  STATE  SURVEYS,  SECOND  DECADE,  1840-1849. 

The  fever  for  Stuto  surveys,  so  prevalent  during  the  last  decade, 
would  seem  to  have  very  (juiekly  subsided,  since  during  the  period 
now  under  consideration  such  were  established  oidv  in  Alabama, 
South  Carolina,  and  \'ermont.  (Tovernmental  surveys  were  also  few, 
being  limited  to  those  by  1).  1).  Owen  in  the  Chippewa  land  district, 
and  Jackson,  Foster,  and  Whitney  in  the  Lake  Superior  region. 

The  cause  of  this  sudden  cessation  is  not  quite  apparent.  Nine  of 
the  twenty-six  States  forming  the  Union  at  the  beginning  of  the 
decade  had,  so  to  six3ak^  escaped  the  contagion,  and  only  the  three 
HlK)ve  mentioned  succumbed  during  the  period,  leaving  Arkansas, 
Georgia,  Illinois,  Kentucky,  Louisiana,  Mississippi,  and  Missouri 
still  uni)rovided  for.  It  is  j)ossible,  and  perhaps  prolmble,  that  the 
period  of  great  ♦inancial  depression  })eginning  in  1880  may  have  had 
something  to  do  with  it,  })ut  as  nine  of  the  sixteen  inaugurated  dur- 
ing the  decade  1880-1S40  were  established  either  during  1S30  or  the 
three  years  immediately  following,  this  is  perhaps  open  to  question. 
An  important  factor  may  have  been  the  lack  of  geologists  to  agitate  the 
subject  and  carry  on  the  work,  nearly  every  man  of  promincMice  and 
exi)erience  l)eing  engjiged  in  surveys  and  organizations  already  under 
way.  The  period  was,  nevertheless,  one  of  importance,  one  of  mani- 
fest  results  rather  than  of  orgimization  and  prei>a ration. 

The  single  event  of  greatest  consiMjuencc*  during  the  decade  was  the 
appc»arance  of  the  four  (|uarto  volumes  constituting  the  final  rejwrts 
of  Mather,  Emmons,  Hall,  and  Vanuxem  of  the  N(»w  York  surve3\  an 
event  which  would,  however,  have  Imhmi  pai*all(»led  by  the  re|X)ils  of 
Rogers  in  Pennsylvania  but  for  the  dilatoriness  of  the  Stat4»  author- 
ities. The  volume  of  litemture  was  natunilly  greater  than  at  any 
previous  period,  since  it  included  many  of  the  rejH>rt>i  of  organizations 
of  the  previous  decade,  as  those  of  Percival  in  Coiuiecticut  (1S42), 
ik>oth  in  Delaware  (1H41),  Jackson  in  New  Hampshire  (1H44)  and 
Khode  Island  (1840),  and  Rogers  in  New  Jersey  (1840).  The  (estab- 
lishment of  a  geological  survey  of  Canada  in  1S41,  the  <'oming  of 
Lyell  to  America  in  the  same  year,  the  publication  of  his  *'Tnivels" 
in  1h44,  and  the  coming  of  Agassiz  in  ls4r»  shouUl  also  Ih»  mentioned. 
The  most  note<l  of  the  |>tirtiri|mnts  in  tlu*  events  of  the  decade,  as  will 
Im»  MH^n^  were  H.  I).  Rogers,  then   in   full  vigor;  Kdward   HitchccN'k, 
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inaturo  and  consorvativo;  I).  D.  Owen,  hy  all  means  the  leader  in 
reconnaissance  work,  and  W.  W.  Mather.  James  Hall  was  rapidly 
forging  to  the  front  among  paleontologists,  while  J.  D.  Dana,  in  the 
full  flush  of  early  manhood  and  fresh  from  the  exj)eriences  of  the 
Wilkes  expedition,  began  the  importiint  series  of  papers  dealing  with 
the  grander  problems  of  earth  history  which  soon  placed  him  foremost 
in  the  ranks  of  A^nei-ican  geologists  and,  indeed,  among  the  geologists 
of  the  world. 

Among  the  names  which  were  to  appear  prominently  in  the  decade 
will  be  found  those  of  E.  T.  Cox,  Ebenezer  Emmons,  »[.  P.  Lesley, 
F.  B.  Meek,  B.  F.  Shumard,  Michael  Tuomey,  and  J.  D.  Whitney. 

\n^  Geology,  at  the  opening  of  the  decade,  had  found  a  place  in  the 
curricula  of  the  leading  colleges  of  the  land,  as  at  Bowdoin,  in  Maine; 
Amherst  and  Williams,  in  Massachusetts:  Yale,  in  Connecticut:  the 
Rensselaer  Institute,  in  New  York;  the  University  of  Virginia,  at 
Charlottesville;  the  University  of  North  Carolina,  at  Chapel  Hill,  and 
the  College  of  South  Carolina,  at  Columbia. 

\  The  Smithsonian  Institution  came  into  (existence  also  during  this 
period.  The  National  Institute  for  the  Promotion  of  Science  and  the 
Society  of  American  Natui*alists  and  Geologists  were  formed  at  the 
very  ]>eginning  of  the  decade,  the  la^^t  named  to  be  in  1847  merged 
into  the  American  Association  for  the  Advancement  of  Science.  The 
retrospect  was  pleasing,  the  prospect  encouraging. 
\  In  1S40  an  immense  stride  in  the  study  of  I  he  drift  depositii  was  made 
through  the  publication  of  Louis  Agassiz's  Etudes  sur  les  (ilaciers,  a 
work  comprising  the  results  of  his  own  study  and  observations  com- 

bin(»d  with  those  of  Jan  de  Charpentier,  E.  T.  Venetz. 

tfieory  *840^**'       ^"*^'  '  *  ^^'  ^^^^^^'      ' '^*^  work  was  published  in  both 

French  and  German  and  brought  to  a  focus,  as  it 
were,  the  scattered  rays  with  which  the  o})scure  path  of  the  glacial 
geologist  had  been  heretofore  spasmodically  illuminated.  But  libi*aries 
'  in  America  were  few  and  far  between,  the  workers  were  poor,  and 
many  remained  long  in  ignorance  of  the  existence  of  the  treatise  or 
gained  but  a  partial  anil  imperfe<*t  idea  of  its  contents  through  hearsay 
or  brief  reviews  in  periodicals. 

The  prevalent  ideas  on  the  subject  of  the  drift  have  been  from  time 
to  time  given  in  th(»se  pages.  It  was  Agassiz's  idea,  based  ujxjn  obser- 
vations in  the  Alps  and  the  Juras,  and  what  was  known  regarding  exist- 
ing conditions  in  northern  Si})eria,  that  at  a  period  geologically  very 
recent  the  entire  hemisphere  north  of  the  thirty-tifth  and  thirt\'-sixth 
parallels  had  becMi  covered  by  a  sheet  of  ice  possessing  all  the  char- 
acteristics of  existing  glaciers  in  the  Swiss  Alps.  Through  this  agency 
he  would  account  for  the  loose  beds  of  sand  and  gravel,  the  l)owlder 
<*lays,  ernitics,  and  all  the  munerous  phenomt^na  within  the  region 
described  which  had  heretofore  been  variouslv  ascribed  to  the  Noachian 
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deluge,  the  burstinj^  of  daiihs,  the  sudden  ineltinj^  of  a  pohir  ice  eap, 
or  even  to  cometarv  collisions  with  the  earth. 

Agassiz's  ideas  were  favorably  received  by  the  majority  of  workers 
in  Fjurope  and  Great  Britain,  though  there  was  naturally  a  highly 
commendable  feeling  of  caution  against  their  too  hasty  acceptation. 
As  a  reviewer  in  the  American  Journal  of  Science  has  put  it: 

These  very  orij^inal  and  injrenioiis  HpoculatioiiH  of  Proft^sHor  Agajssiz  iiiUHt  Ik?  held 
for  the  pre«ent  to  l)e  under  trial.  They  hav<'  l)ei'n  (hnhiee*!  from  the  limited  numlH^ 
of  factf^  olwerved  by  him8t»lf  and  others  and  nkillfully  jreneralize<l;  but  they  can  not 
l»e  coiufi(iere<l  a*i  fully  eatabli8he<l  until  they  have  ])een  brouj^ht  to  the  test  of  observa- 
tion in  (iifferent  parts  of  the  world  and  under  a  great  variety  of  circumstanceH. 

The  effect  of  the  pu])lication  was,  however,  soon  apparent  in  Amer- 
ican literature.  Thus,  in  1839  James  Hall,  then  a  young  man  of  28  and 
just  coming  into  prominence  it\  connection  with  the  geological  survey 
of  New  York,  had,  with  all  the  contidence  of  3'outh,  written  upon  the 
glacial  deposits  as  they  had  come  under  his  observation.  Such  he 
regarded  as  due  to  water  action,  but  to  the  action  of  opposite  and  con- 
flicting, rather  than  single,  uniform  currents.  The  great  extent  of 
the  dei)osits  and  the  evidence  of  long-continued  wear  shown  by  their 
materials  proved  to  him  that  the  force  which  pr(Klu<'ed  them  was  not 
violent  and  sudden,  but  continued  for  an  indetinite  peri(Kl. 

Four  years  later  (1848)  Prof.  Charles  Dewey,  writing  on  the  stria* 
and  furrows  on  the  jK)lished  rocks  of  western  New  York,  argued  that, 
while  the  Iwwlders  of  the  drift  indi<*ated  that  a  mighty  current  had 
swept  from  north  to  south,  the  polishing  and  grooving  might  l>e  due 
to  glaciers  as  descrilwd  by  Agassiz. 

(Tiaciers  or  ieel)er>p< ami  the  ntrrui^  current  of  waten* — a  union  of  the  two  powerful 
caui^eH — pHilwibly  offers  th<'  least  objeetionable  nolution  of  those  wonderful  chanj^es. 

Though  disposed  thus  to  accept  in  jwirt  Agassiz's  conclusions,  l)ewey 
yet  faih*d  to  realize  their  full  possi])ilities.  He  could  not  conceive 
how  it  was  possible  for  a  glacier  to  transjK)rt  sandstone  }M)wlders  from 
the  shore  of  I^ke  Ontario  to  the  higher  level  of  tlu*  hills  to  the  south- 
ward. Bowlders  of  graywa<'ke  removed  from  the  hills  in  the  adjoin- 
ing part  of  the  State  of  New  York  and  sratt(»red  throughout  the 
Housat^mic  Valley  furnished  a  lik<»  <liliiculty,  since*  between  the  place 
of  origin  and  that  of  deposit  lay  tht*  Taconic  nu»ge  of  mountiiins. 
"If,"  he  wrote,  "the  lK)wlders  were  once  lo<lge<l  on  the  glacier,  the 
ice  and  bowlders  must  have  In^en  trai»s|M)rted  }>y  a  Ho^mI  to  water>  over 
the  Taconic  Mountains."  The  Richmond  IjowhhM*  tniin.  concerning 
which  we  nhall  have  something  to  say  later,  was  lik<»wise  a  source  of 
difficulty  in  hi«  ac<*eptation  of  Aga>siz*s  theory. 

At  the  April,  1841,  meeting  of  the  Sw-iety  of  American  (Jeologists 
anil  NatumlUts  Mr.  K.  ('.  Ta\  lor  exhibited  and  describi'd  in  detail  a 
UKMiel  of  the  western  {mrt  of  the  >onthern  coal  tield  of  Pennsylvania. 
Thi?»  he  stated  to  be  the  first  nuxlel  constructed  in  the  I'nited  States. 
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Such  hoing  the  case,  it  is  worthy  of  remark  that  he  regarded  the  then 
customary  (and  to  some  extent  still  prevailing)  habit  of  exaggerating 

the  vertical  relief  as  "a  hideous  burlesque  upon  the 

R.C.Taylor  and  the  ,  ^       *.   ^i  i-   ^    .    ^  ^     i  i 

First  Geological        actual  asi>ect  of  the  district   represented  or,   rather, 

misrepresented,"*  and  that  he  had  himself  ^*  for  some 
time  ceased  to  make  any  such  difference  between  the  horizontal  and 
vertical  scale/'  Ta^'lor,  it  should  be  noted,  was  particularly  active 
during  the  period  1831  to  1839,  his  papers  relating  almost  wholly  to 
economic  problems  and  appearing  largely  in  the  Transactions  of  the 
Geological  Society  of  Pennsylvania.  His  most  pretentious  publica- 
tion was  that  entitled  Stiitistics  of  Coal,  a  volume  of  754  pages  relating 
to  the  coal  fields  of  the  world,  published  in  1848. 

Troost's  sixth  annual  re{X)rt  as  State  geologist  of  Tennessee,  a 
pamphlet  of  48  pages,  was  made  in  October,  1841;  his  seventh,  of  45 
pages,  in  1843;  the  eighth,  of  but  20  pages,  in  1845;  and  the  ninth  and 

last  in  1848.  During  the  interval  between  his  fifth  and 
TSmowe^TsV  1°.       '^ixth  reports  he  had  become  acquainted  with  the  work 

of  Sedgwick  and  Murchison  in  England,  and  the  result 
is  a  slight  modification  of  his  views  regarding  tfce  rocks  of  Tennessee. 
He  now  announced  the  conclusion  that  those  rocks  west  of  the  line  which 
separated  Tennessee  from  the  State  of  North  Carolina,  and  previously 
classified  by  him  as  transition  under  the  names  of  graywacke,  etc., 
belong  to  Sedgwick's  Cambrian  system.  The  i*ange  known  b\'  the 
name  of  Bays  Mountains,  which  extends  into  Tennessee  for  about  100 
miles  in  a  northeast  and  southwest  direction,  he  believed  to  terminate 
this  system  toward  the  west.  A  few  pages  farther  on  he,  however, 
thrust  a  doubt  on  this  determination  by  writing: 

I  consider  *  *  *  tliat  Hays  Mountain  forms  the  upjK»r  part  of  the  Cambrian 
system  or  tliat  it  j>erhaps  Ix^longs  to  tlie  Old  Red  Sandstone;  that  thence  toward  the 
north  of  that  mountain  chain  another  formation  commences,  which  is  the  Silurian 
system  of  Mun*hison. 

To  which  of  his  particular  subdivisions  they  should  belong  he  was 
in  dou})t.  He  felt,  however,  it  was  possible  they  might  be  the  equiva- 
lent of  Murchison's  Llandeilo  tlags  (Upper  Cambrian). 

The  oolitic  limestones  and  siliceous  stnita  toward  the  west  of  the 
Cumberland  Mountains  h(\  thought  to  rest  upon  a  continuation  of  the 
Silurian  system,  more  generally  known  under  the  name  of  '^  mountain 
limestone."  This  he  made  to  extend  over  the  whole  of  middle  Tennes- 
see to  a  few  miles  east  of  the  Teimessee  Kiver. 

In  his  seventh  annual  report  he  announced  that  the  region  al>out 
Nashville  was  coinp()s<'d  of  strata  belonging  to  the  Silurian  system, 
and  mentioiH'd  the  fossils  wiiich  he  considen^d  as  chamcteristic  of  the 
l()W(»st  strata.  In  this  repoit  he  gave  a  detail  coIohmI  geological  map 
of  Uavidson.  Williamson,  and  Maurv  counties. 

Troost's  collection  of  fos-^il  K<'l)ino(lermata  containing  all  his  typiNs 
and  species  described   in    what  is  known   as  Troost's    list   of   1850, 
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together  with  the  unfinished  manuscript  relating  theret<^),  passed  after 
his  death  in  1850  into  the  custody  of  the  Smithsonian  Institution,  by 
which  it  wa,s  handed  over  first  to  Agassiz,  and  several  years  later  to 
James  Hall,  to  he  put  into  shape  for  pu}>lication.  For  reasons  unknow  n 
to  the  public  this  work  was  delayed  year  after  year,  until,  after  the 
death  of  Hall,  in  his  turn  (in  181H),  it  once  more  came  into  the  pos- 
session of  the  Institution.  In  the  meantime  all  that  was  new  had  l)een 
elsewhere  described.  Thus,  through  sheer  neglect,  Troost  was  roblx^d 
of  much  of  the  credit  to  which  he  was  justly  entitled. 

In   1842  Dr.  Edward  Hitchcock  read  an  important  papc»r  before  the  / 
Boston  meeting  of  the  Americnn  Association  of  Geologists  on  the 
Phenomena  of  the  Drift  in  North  America,  which  is  particularly  inter- 
est inif  at  this  time  as  showinir  the  ijmdual  evolution  of 

Hitchcock  on  Drift  ,         ^  .  ^  ^i  ,.    .7        xt         i  •  i    i 

Phenomena  in  the  present  thcorv  from  that  of  the  rsoachian-deluge 

^iorth America,  1842.  ^  .     1    t    *^  r  v,  ijx   i  i^         •  / 

idea  advocated  bv  earlier  writers.  Hitchcock  s  views  / 
had,  of  coui*se,  l>een  influenced  by  those  of  such  men  Jis  Charpentier, 
Agassiz,  Buckland,  and  Murchison,  and  he  expressed  at  the  outset  the 
conviction  that  neiirh' all  geologists  would  "agree  in  the  principle  that 
the  phenomena  of  drift  are  the  result  of  joint  and  alternate  action  of 
ice  and  water."  To  express  this  joint  and  alternate  action  he  made 
use  of  the  term  "  glacio-aqueous.'' 

In  this  paper  Hitchcock  devoted  some  50  pages  to  a  description  and 
discussion  of,  first,  trans[)orted  bowlders;  second,  smooth,  polished, 
and  striated  rocks;  third,  eml)Ossed  rocks;  fourth,  valleys  or  erosion; 
fifth,  moraines;  sixth,  detritus  of  moraines;  seventh,  deposits  of  clay 
and  sand:  eighth,  contortions  of  the  stmtified  deposits;  ninth,  terraced 
valle\'s;  tenth,  fractured  rocks;  and  eleventh,  organic  remains,  after 
which  he  proceeded  to  discuss  the  theories  of  the  various  European 
authorities  and  state  his  agreement  or  objections  to  the  same.  He 
objected  to  the  theory  of  Lyell  to  the  effect  that  the  results  observed 
by  him  in  North  America  were  produced  by  floating  icebergs  derived 
from  glaciers  formed  on  mountains  as  the  land  gradually  emerged 
from  the  ocean,  because,  first,  it  failed  to  aceount  for  the  lower  tem- 
perature w^iich  was  necessary;  second,  because  there  was  no  evidence 
that  the  glaciers  descended  from  the  mountains;  and  third,  beaiuse 
the  deposits  of  vegetable  matter  derived  from  land  plants  showed  that 
the  continent  must  have  been  a}>ove  sea  level  long  before  the  drift 
j^riod.  The  theory  of  De  la  Beche,  which  supposed  the  contents  of 
the  northern  Oi-ean  to  have  been  precipitated  over  the  countries  farther 
south  by  the  elevation  of  the  polar  regions,  Hitchcock  regarded  as 
possibly  applicable  to  the  low  countries  of  Europe,  )>ut  not  to  New 
England,  since  it  would  reijuire  a  rise  of  the  ocean  amounting  to  some 
♦I.(MX)  feet,  and  he  could  find  no  facts  to  justify  such  an  assumption, 
although  recognizing  the  fact  that  the  acjueo-glacial  agency  had  opei'ated 
well  over  the  summits  of  the  White  Mountains. 


368  REPORT    OF    NATIONAL    MITSETTM,   1904. 

To  Aj^ssiz'.s  tlieory,  which  .supposed  an  inmiense  accumulation  of 
ice  and  snow  around  the  poles  during  the  Glacial  period  and  a  coiise- 
(juent  sending  out  of  enormous  glaciers  in  a  southern  direction,  fol- 
lowed by  floods  of  water  and  transportation  of  icebergs  on  return 
of  a  warmer  period,  he  likewise  took  exception,  since  he  was  unable 
to  conceive  how  such  etfect^s  could  be  brought  about;  nor,  indeed, 
could  he  understand  how  such  causes  could  operate  when  the  land 
was  rising  from  the  ocean  and  the  water  consequently  retreating,  as 
it  must  have  been,  to  account  for  the  various  observed  phenomena- 
such  phenomena  as  would  necessitate  the  occurrence  of  water  loaded 
with  ice  and  detritus  floating  for  centuries  at  least  over  a  large  part 
of  the  earth's  surface. 

He  likewise  objected  to  Maclareu'S  '•  ingenious  amalgamation"  of 
Lyell  and  Agassiz's  theories,  but  failed  himself  to  suggest  one  per- 
fectly satisfactory. 

His  paper  showed  a  very  crlear  insight  into  what  had  taken  place, 
but  an  ina))ilitj,  with  the  information  at  that  time  available,  to  account 
for  it  in  a  satisfactory  manner.  Thus,  in  describing  the  striie  found 
by  himself  on  the  top  of  hills  and  mountains  like  Monadnoc,  he  wrote: 

Could  immense  iceljergs  have  been  stranded  on  the  northern  slope  of  the  hills  and 
afterwards,  by  the  force  of  currents,  have  been  driven  over  the  summits;  or  would 
it  be  necessary  to  suppose  that,  after  the  stranding,  the  water  must  have  rist^n  so  as 
to  lift  up  the  icel)erg;  or  would  a  vast  sheet  of  ice  lying  ujM^n  the  earth's  surface,  by 
mere  expansion,  without  the  presence  of  water,  have  l)een  able  U)  i)roduce  the 
smoothing  and  furrowing  in  question? 

He  regarded  the  moraines  as  de])osited  by  floating  icebergs  and  the 
linear  forms  observed  as  identical  with  the  osars  of  Sweden.  The  tine 
])lue  stratified  clay,  often  overlaid  by  sand,  so  characteristic  of  the 
upper  valleys  of  the  rivers  in  the  glaciated  areas,  he  regarded  as  silt 
deposited  in  temporary  lakes  formed  by  the  danmiing  of  valleys  b}- 
drift  mati»rials.  After  considering  the  phenomena  as  observed  by 
himself  and  weighing  all  the  theories  julvanced  from  time  to  time 
by  the  authorities  quoted,  he  summed  up  the  matter  in  the  following 
words: 

Is  it  not  i)OKsible  that  the  phenomena  (»f  the  drift  may  have  result«Hl  from  all  the 
causes  ad vance<l  in  the  theorien  under  con.*<i<leration.  *  *  I  f«»el  *  *  *  that  the 
proximate  cause  of  the  phenomena  of  drift  ha**  at  last  l)een  determine*!,  namely, 
the  joint  action  of  water  and  ice. 

This  is  true  Hitchcock  conservatism. 

In  lS4:i  an  oxp(»ditio?»  under  Captain  Powell  was  sent  out  ])v  the 
Secretary  of  tin*  Xavy  to  survey  Tampa  Hay,  Florida.     Through  the 

inllueiicc  of    the*    National    Institute,   in   Washington, 

rklri3i.*i842!' '"        '  •  '^"  ^  <>"»'«i^l  ^vas  allowed  to  ac<'onipai»y  th(»  party  for 

the  purpose  of  examining  into  the  gt'ology  of  the 
region.  Conrad  reuuiintnl  on  the  coast  some  three  months,  his  results 
being  published  in  the  Americaii  Journal  of  Science  foi*  [s4^\. 
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From  paleontological  evidence  Conmd  was  led  to  consider  the*  lime- 
stone of  the  8avann{ih  River  in  Georgia  between  Savannah  and  Shell 
Blutf  as  Tpper  Eocene,  and  thought  that  very  probably  the  prevailing 
limestone  of  Florida  would  be  included  in  this  division.  He  also  found 
evidence  to  lead  him  to  believe  that  a  considerable  post-Pliocene 
elevation  of  the  whole  Florida  peninsula  had  tiiken  place,  and  that  the 
Florida  keys  were  a  product  of  this  movement. 

At  the  fourth  annual  meeting  of  the  Association  of  American  Geol- 
ogists and  Naturalists  D.  D.  Owen  read  a  paper  on  the  geology  of 
the  Western  States,  including  under  this  designation  the  region  of  the 

Ohio  Valley.  Abstnicts  of  this  paper  appeared  in  the 
oi^S^oTtS?  ^^^  American  journal  of  Science  for  1S48.  At  the  Novem- 
werterasutes.  b^j.  (1S42)  meeting  of  the  Geological  Society  of  Lon- 
don Mr.  Lyell  presented  for  Doctor  Owen  the  same 
I)a|)er,  which  was  afterwards  published  in  the  journal  of  that  society 
under  date  of  184(>.  It  seems  proper,  therefore,  that  this  paper 
should  receive  considenition  here,  particularly  since  Owen  attempted 
a  correlation  of  the  American  rocks  with  tliose  from  Europe.  As 
published,  the  paper  was  accompanied  by  a  colored  geological  map 
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Fl(i  ;}'2.— (ieiM-ml  section  acnww  tlu'  Westorn  States.  (After  I).  I>.  Owen.)  .">.  diluvium;  1.  marl  and 
jfni'n.sand,  probably  eretaeeou>»;  3.  bituminous  eotil  fonuation;  2,  earbonifenius  lime.<tone  of 
Eun»i»e:  1.  probable  eijuivalents  of  the  Silurian  roeks. 

of  the  Ohio  Valley  and  the  generalized  section  shown  in  tig.  82.  The 
attempts  at  correlation,  it  should  be  noted,  were  founded  on  i)aleon- 
tological  data.  The  limestones  immediately  underlying  the  coal  (8  of 
the  section)  he  considered  to  l>e  the  equivalent  of  the  Europc^an  Garbon- 
iferous.  These  rested  upon  a  series  of  nxiks,  the  upper  one  hundred 
feet  of  which  Hall  had  assigned  to  the  Devonian.  The  middle  and 
lower  beds  Owen  regarded  as  the  equivalent  of  the  P^nglish  Upper 
Ludlow,  as  detined  bv  Murchison.  Below  this  he  found  shales  which 
he  believed  to  be  etjuivalent  to  the  English  Ix)wer  Ludlow  and  the 
New  York  Marcellus  shale.  The  shale-bearing  rock  he  regarded  jis 
the  equivalent  of  the  Wenlock  formation  of  Munhison. 

The  fundamental  rocks  of  the  Ohio  Vall(»v  he  considered  as  the 
e<juivalents  of  Murchison's  Lower  Silurian,  the  lower  75  to  KM)  feet 
<'or responding  to  the  IJandeilo  flags  and  the  rest  to  the  Gai*adoc  sand- 
stones. The  corresponding  formations  of  New  York  api)eared  to  be  the 
Trenton  limestone  and  shale,  representing  the  older  series,  and  the 
Salmon  River  and  Pulaski  sandstone,  the  rest. 

Perhaps  the  most  important  outcome  of  the  geological  surveys  of 
Pennsvlvania  and  Virginia  and   certainlv,   from  a  strictiv  scientific 
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standpoint,  the  most  important  and  far-reaching  conclusions,  were  those 
H.D.andw.B.  P"*  forward  by  W.  B.  and  H.  D.  Rogers  in  a  paper 
AppSLhiaii  I'^^^l  before  the  Association  of  Geologists  and  Natural- 

structure.  1842.        j^^^  jj^  ^342,  entitled  On  the  physical  structure  of  the 

Appalachian  chain  as  exemplifying  the  laws  which  have  regulated  the 
elevation  of  great  mountain  chains  generally.  They  called  attention 
to  the  fact  that  the  chain  consists  of  a  broad  zone  of  very  numerous 
ridges  of  nearly  equal  height,  characterized  b}^  their  great  length, 
narrowness,  steepness  of  slope,  evenness  of  summit,  and  a  remarkable 
parallelism.  They  divided  the  chaiu  on  topographical  and  structural 
grounds  into  nine  distinct  divisions,  consisting  of  alternating  straight 
and  curved  portions.  They  noted  the  remarkable  preponderance  of 
southeastern  dips  throughout  the  entire  length,  although  the  general 
trend  of  the  chain  was  northeast  and  southwest.  This  was  particu- 
larly characteristic  of  the  portion  along  the  southeastern  or  most  dis- 
turbed portion  of  the  belt,  but  toward  the  northwest  dips  in  the 
opposite  direction  became  less  steep  and  more  numerous. 

They  accounted  for  the  phenomena  of  these  dips  by  assuming  them 
to  be  due  to  a  series  of  unsymmetrical  flexures,  presenting  in  most 
instances  steeper  or  more  rapid  arching  on  the  northwest  than  south- 
east side  of  every  convex  bend;  and,  as  a  direct  consequence,  a  steejwr 
incurvation  on  the  southeast  than  northwest  side  of  every  concave 
turn;  so  that,  when  viewed  together,  a  series  of  these  flexures  has  the 
form  of  an  obli(|uely  undulating  line,  in  which  the  apex  of  each  upper 
curve  lies  in  advance  of  the  center  of  the  arch.  On  the  southeast- 
ern side  of  the  chain,  where  the  curvature  is  most  sudden,  and  the 
flexures  are  most  closely  crowded,  they  present  a  succession  of 
alternately  convex  and  concave  folds,  in  each  of  which  the  lines  of 
greatest  dip  on  the  opposite  sides  of  the  axes  approach  to  parallelism 
and  have  a  nearlv  uniform  inclination  of  from  45^  to  60^  toward 
the  southeast.  This  they  described  as  a  douhlinif-uiider  or  hiversitm 
of  the  northwestern  half  of  each  anticlinal  flexure.  Crossing  the 
mountain  chain  from  any  point  toward  the  northwest,  they  noted 
that  the  form  of  the  flexures  changes;  the  close  inclined  plication  of 
the  rocks  producing  their  uniformly  southeastern  dip  gradually  les- 
sens, the  folds  open  out,  and  the  northwestern  side  of  each  convex 
flexure,  instead  of  being  abruptly  doubled  under  and  inverted,  l>ecomes 
eitln?r  vertical  or  dips  steeply  to  the  northwest.  Advancing  still 
farther  in  the  sanic  dinM'tion  into  the  region  occupied  by  the  higher 
formations  of  the  Appalachian  series,  the  arches  and  troughs  grow 
succ(\ssively  rounder  and  gentler,  and  the  dips  on  the  opposite  side  of 
eacii  anticlinal  axis  gradually  diminish  and  approach  more  and  more 
to  (Mjuality.  until,  in  the  great  coal  field  west  of  the  Allegheny  Moun- 
tains, thev  tinallv  flatten  down  to  an  almost  absolutelv  horizontalitv  of 
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the  straUi  at  a  distance  of  a)>out  150  miles  from  the  chain  of  the  HUie 
Ridtre  or  South  Mountain. 

This  work,  vso  far  as  it  relates  to  the  structure  of  the  chain,  has 
l)cen  improved  upon  in  recent  times  only  by  the  discovery  of  enor- 
mous overthrust  faults  in  the  southwestern  portions.  Their  ideas 
regarding  the  origin  of  the  chain  have  not,  however,  so  successfully- 
withstood  the  work  of  the  modern  physicists.  They  assumed  that 
this  difference  in  the  dips  was  due  to  a  combined  undulatory  and 
tangential  movement  of  the  earth's  crust,  which  was  propagjited 
from  the  southeast  toward  the  northwest;  that  is,  they  regarded  the 
various  ranges  composing  the  chain  as  actually  stiffened  waves  or 
billows  of  crustal  matter  comparable  to  the  waves  of  less  viscous  mat- 
ter, like  water  or  lava.  Their  views  mav  be  best  understood  bv  direct 
quotation: 

We  a.«siinie  that  in  every  ri^^ion  where  a  system  of  flexures  prevails  the  crust  orijr- 
inally  resUnl  on  a  widely  exten(le<l  surface  of  fluid  lava.  I>et  it  l»e  sui)pose<l  that 
subterranean  caus€»8  <*onii>eteiit  to  prrnluce  the  result,  such,  for  exainple,  Jis  the  accu- 
innlation  of  a  vast  l)o<ly  of  elastic  vaiM)rs  and  ^ases,  subjecti^l  the  disturl)e<l  jHirtion 
of  the  l>elt  to  an  excessive  upward  tension,  causinjr  it  to  j;ive  way  at  successive  times 
in  a  series  of  long  parallel  rents.  By  the  .sudden  and  explosive  escajK'  of  the  jraseous 
matter,  the  i)ro<lijriou8  i)ressure,  previously  exerttKl  on  the  surface  of  the  fluid  within, 
l)einp  instantly  w*ithdrawn,  this  would  rise  alonj;  the  whole  line  of  fissure  in  the 
manner  of  an  enormous  billow  and  suddenlv  lift  with  it  the  overlvinir  flexible  crust. 
(Gravity,  now  operating  on  the  disturlK^l  lava  mass,  would  engender  a  violent  undu- 
lation of  its  whole  contij^uous  surface,  so  that  wave  wouM  succeed  wave  in  rejj:ular 
and  {tarallel  order,  flatteninjr  and  expanding  as  they  advanced,  and  imimrtin^  a  cor- 
re$»iM)n<ling  billowy  motion  to  the  overlying  strata.  Sinuiltaneously  with  each  epocrh 
of  o^'illation,  while  the  whole  crust  was  thus  thrown  into  parallel  flexures,  we  suppo.«e 
the  umlulatin^  tract  to  have  l)een  shoved  IxKlily  forward  an<l  se<'un»d  in  its  new 
jKwition  by  the  permanent  intnision  into  the  rent  and  disl<x*ated  region  Indiind  of 
the  liquid  matter  injected  by  the  same  forces  that  gave  origin  to  the  waves.  This 
fr»rwanl  thnist,  operating  ujx)n  the  flexuri»s  formed  by  the  waves,  wouUl  steeiKMi 
the  advances!  side  of  each  wave  i>rtH*isely  as  the  wind,  acting  on  the  billows  of  the 
o<^ean,  forces  forward  their  crests  and  imparts  a  .»<tee[>er  slope  to  their  k»eward  sides. 
A  repetition  of  these  forces  by  augmenting  the  inclination  on  the  front  of  every 
wave  would  result  finally  in  the  fohled  structure,  with  inversion  in  all  the  parts  of 
the  belt  adjacent  to  the  n*gion  of  principal  disturban<*e.  Here  an  increase**!  amount 
of  plicatifm  wouM  be  caused,  not  only  by  the  suin^rior  violen<*e  of  the  forwanl  hori- 
zontal force,  but  by  the  production  in  this  district  of  many  lesser  groups  of  waves 
interposed  l)etween  the  larger  ones  and  not  endowe«l  with  sutKcient  momentum  to 
reach  tlie  remoter  sides  of  the  lH*lt.  To  this  inter]K>lation  we  attribute,  in  part,  the 
crowiUnl  condition  of  the  axes  on  the  side  of  the  un<lulate<l  district  which  l)onlers 
the  n»gion  where  the  rents  and  dikes  m-cur,  and  to  it  we  trace  the  far  greater  variety 
w  hich  there  occurs  in  the  size  of  tlie  flexuri's. 

The  date  of  the  Appalachian  uplift  they  put  subsequent  to  the  for- 
mation of  the  Coal  Measures,  as  being  the  tinal  paroxysmal  movement 
which  terminated  "in  that  stupendous  train  of  actions  which  lifted  the 
whole  Appalachian  chain  from  the  bed  of  the  ancient  sea.'' 
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At  this  same  meeting  of  the  Association  H.  D.  Rogers  gave  an 
important  i)aper  on  the  origin  of  the  coal  beds.  He  here  took  the 
ground  that  the   singular  constancy  in   thickness   of   the    Pittsburg 

coal  bed    and  its    i)rodigious   range    were    strongly 

H.D.  Rosen  on  the  ^i  i?  i  ^-         u      j    -r^         fy"^ 

Formation  of  Coal,     adverse  to  auv  theorv  of  accunmlation  bv  drift.     His 

1842.  ^  ./  V 

idea  svas  that  the  area  now  covered  by  the  coal  was 
once  an  extensive  flat,  bordering  a  continent,  beyond  which  lay  a 
wide  expanse  of  shallow  but  open  sea;  that  these  low  flats  were 
occupied  by  peat  bogs  derived  from  and  supporting  a  luxuriant  growth 
of  Stigmaria,  while  along  the  land  margin  and  the  drier  areas  were 
conifers,  Lycopods,  and  tree  ferns.  The  Stigmaria  would  thus  form 
a  uniform  mass  of  pulpy  peat  admixed  with  leaves  and  other  easily 
ti'ansported  debris  of  the  trees  along  the  shores,  but  free  from  trunks 
and  coarse  branches. 

To  account  for  the  shaly  and  sandy  partings  of  the  coal  beds  and  their 
numerous  impressions  of  plants,  he  imagined  a  sudden  sinking  of  the 
land,  producing  thus  a  tidal  wave  from  the  open  sea,  carrying  destruc- 
tion to  the  forest  growths,  and  on  its  return  dragging  back  and  spread- 
ing out  over  the  sea  bottom,  and  hence  over  the  accumulated  peat  beds, 
sand,  gravel,  and  silt,  together  with  floating  trunks  of  trees,  all  of 
which  go  to  make  up  the  roof  slate  and  other  partings  in  the  beds.  A 
j)eriod  of  trancjuillity  followed;  another  bed  of  peat  accumulated,  and 
so  on.  His  theorv  difi'ered  from  those  of  Buckland,  Beaumont,  I^yell, 
and  others  in  excluding  from  the  coal-making  materials  the  trunks  and 
branches  of  the  more  woody  trees  and  the  catastrophic  interruptions 
in  the  growing  processes  due  to  earth  sinkings  and  earthquakes. 

He  further  accounted  for  the  diflerence  in  volatile  constituents 
between  the  coal  of  the  eastern  and  western  ))eds  on  the  supposition 
that  the  former  were  debituminized  l)y  the  action  of  steam  and  gaseous 
matter  emitted  through  the  crust  of  the  earth  and  cracks  and  crevices 
formed  during  the  undulation  and  pc^rmanent  bending  of  the  strata, 
resulting  in  the  formation  of  mountain  ranges. 

Prof.  W.  H.  Rogers,  at  this  same  meeting  of  the  association,  had  an 
importiint  paper  on  the  connection  of  the  thermal  springs,  in  Virginia, 
with  the  anticlinal  axes  and  faults.     He  recognized  the  work  of  the 

European  geologists  in  connecting  similar  phenomena 

W.  B.  Rofters  on  .,  •ii»i  -ii 

Thermal  Springrs.      With  aicMis  of  terrestrial  disturbance,  and  then   pro- 

1842. 

ceedod  to  show  that,  with  but  few  exceptions,  the 
thermal  springs  of  the  Appalachian  region  issue  from  the  steep  dip- 
ping or  inyerted  strata  on  the  northwest  side  of  the  anticlines.  PVom 
this  he  dcMluced  tlie  general  law  that  the  de<'idedly  thermal  springs  of 
\'irginia  issue  from  the*  lini^s  of  anticlinal  axes  or  from  points  very 
near  such  lines.  These  yiinys  he  regarded  as  in  harmony  with  those 
of  vViJiufo  and  Bischofl'.  From  those  of  Uaubenv  they  ditl'ered,  seem- 
ingly,  in  that  the  latter  regarded  such  springs  as  indicatiye  of  yolcanic 
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eruptii)ns  ^oing  on  in  a  covert  iind  ljin<(uid  manner  under  certain  parts 
of  the  ran^e.  But  l)aul)eny,  it  must  be  remembered,  carried  his  views 
to  an  extreme,  re^ardin<jf  the  uplift  of  the  chain  itself  as  due  to  these 
same  voU*anic  forces. 

In  1842  there  appeared  in  the  Pro(»eedings  of  the  Boston  Society  of 
Natural  History  a  paper  by  J.  P.  Couthouy,  one  of  the  naturalists  of  the 
Wilkes  Exploring^  Expedition,  in  which  an  attempt  was  made  to  show 

that  the  distribution  of  coml  growth  in  the  ocean  was 
CmiQro^^ tS42,  limited  by  temixM-ature.     This  pai)er  brought  forth 

very  promptly  a  reply  from  Dana,  who,  while  agree- 
ing as  to  the  facts  and  theories,  claimed  that  he  (Couthouy)  had  simply 
borrowed  the  idea  from  him;  that  the  explanation  *'was  originally 
derived  from  my  manuscript,  which  was  laid  open  most  confidentially 
for  his  perusal  while  at  the  Sandwich  Islands  in  1840."  The  assertion 
was,  of  course,  denied  by  Couthouy  with  equal  promptness,  but  it  must 
lie  confessed  that  the  evidence,  so  far  as  it  is  available,  favors  DanaV 
claim. 

Dana^  it  should  be  remarked,  was  led,  from  his  observations  while 
on  this  expedition,  to  agree  with  DarwMn  as  to  the  formation  of  atolls 
(annular  coral  reefs),  but  could  not  agree  with  him  regarding  regions 
of  subsidence  and  elevation.  He  found  nothing  which  to  him  sup- 
I>orted  the  idea  that  islands  with  barrier  reefs  were  subsiding,  while 
those  with  fringing  reefs  were  rising. 

In  the  summer  of  1842  Dr.  W.  Byrd  Powell,  of  Little  Rock,  passed, 
of  his  own  volition,  some  six  weeks  in  a  study  of  the  geology  of  the 
Fourche  Cove  region,  his  results  being  published  in  a  jmmphlet  of  28 
ByniPoweU't  work  P^&<^^  *^*^^  map,  by  the  Antiquarian  and  Xatuml  History 
IS^or\rtSSSir  ^t'i^^y  «f  Arkansas.  The  Doctor  at  the  time  of  his 
**^^-  writing  occupied  the  position  of  lecturer  on  phrenology 

and  geologj'.  Whatever  may  have  l)een  his  qualification  in  the  first- 
named  subject,  as  a  geologist  h^  was  no  whit  above  the  majority  of 
workers  of  his  dav.  The  rocks  of  the  cove  and  their  association  were 
descrit)ed  in  considerable  detiiil,  the  prevailing  syenit^^  being  called  gran- 
ite, although  he  noted  that  it  contained  no  quartz.  He  differed  with 
Featherstonhaugh,  however,  in  assuming,  and  wrongly,  that  the  rock 
was  primitive  and  not  intrusive.  To  a  supposed  transitional  form  of 
greenstone  into  basalt  he  gave  the  name  Vnrne*in.  The  other  rocks 
noted  were  basaltic  clinkstone,  amygdaloid,  gneiss,  etc.  Some  of  his 
ol>s<»r  vat  ions  are  open  to  (piestion.  Less  than  a  gill  of  mica  from  the 
gneiss,  he  announced,  yielded  him  half  an  ounce  of  metal,  which  he 
considered  asmostlv  iron.  He  further  remarked  that  the  hornblende 
rocks  of  the  region  contained  a  large  percentage  of  iron,  which  was 
chieflv,  if  not  whoUv,  native:  also  that  thev  contained  native  lead  and 
a  little  silver.  * 

The  organiziition  of  the  gcologi<*al  surv(»v  of  the  State  of  New  York 
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in   183t»  has  already  been  noted.     Aiuuial  reports  were  issiieil  regu- 
larly during  the  i>eriod  of  its  existence,  hut  with  one  or  two  excep- 
tions the  results  can  be  best  summed  up  in  a  review  of 

Ststc  QoolofriCAl 

Survey  of  New  York,  the  final   reports  as   they  appeared  in    1842-43.    Of 

1837>1843. 

these  final  reports,  which  were  issued  in  quarto  form, 
Mather's,  comprising  639  pa<^es,  with  46  plates,  in  part  colored,  and 
including  a  geological  map,  was  one  of  the  most  voluminous. 

The  first  geological  district,  to  which  Mather  was  assigned,  embrat^ed 
twenty -one  counties,  extending  from  the  northeast  of  Washington 
County  between  lakes  Champlain  and  George  southwesterh'  to  the 

Susquehanna  River  so  as  to  include  the  counties  of 
Nei^Yoric.  ^^*^  "     Washington,  Saratoga,  Schenectady,  Schoharie,  and 

Delaware,  and  all  of  the  State  east  and  south  of  this  line. 

Mather  thought  to  have  recognized  seven  periods  of  elevation  and 
disturbance  of  the  strata,  exemplified  in  the  district  assigned  to  him. 
These  he  described  as  follows: 

First.  One  preceding  the  laying  down  of  the  earliest  fossiliferous 
rocks,  which  gave  rise  to  the  primary  Highlands  of  the  Hudson  and 
the  primary  mountains  of  Samtoga  and  Washington  counties.  On  this 
he  found  the  Potsdam  and  Calciferous  sandstones  and  black  limestone 
resting  unconformably. 

Second.     One  which  preceded  the  deposition   of  the   Helderberg 
limestone,  which  he  found  lying  unconformably  on  the  upturned  ear 
Her  rocks.     This  manifested  itself  mainly  in  the  Hudson  Valley  and 
included  the  Highlands  and  Westchester  County. 

Third.  One  subsecjuent  to  the  deposition  of  the  rocks  of  the  Onta- 
rio division,  the  effects  of  which  he  thought  to  recognize  from  Green 
Pond  MounUiin  through  Bellevale  Mountain,  Goose  Pond,  Sugar  Loaif, 
and  Skunnemunk  Mountains,  and  along  the  Shawangunk  Mountains. 

Fourth.  One  subsexjuent  to  the  deposition  of  the  Catskill  division 
and  even  the  coal  formation.  This  distur])ed  all  the  pre-existing  rocks 
in  New  York  east  of  the  Delaware.  To  it  he  ascribed  the  bending 
and  wrinkling  of  the  coal  formations  in  Pennsylvania,  Maryland,  and 
Virginia.  The  em  of  disturbance  was  regarded  as  l)etween  that  of 
the  coal  and  the  New  Red  sandstone. 

Fifth.  A  period  of  distur}>ance  at  the  end  of  the  deposition  of  the 
Long  Island  division  and  before  the  deposition  of  the  Quaternary. 

Sixth.  A  period  bc^tween  the  drift  and  Quaternary  by  which  the 
land,  without  deformation,  was  lifted  to  about  the  level  of  the  Qua- 
ternarv  formations. 

Seventh.  A  period  after  the  deposition  of  the  Quaternary  by  which 
a  hirge  part  of  the  land  was  lifted  100  feet  above  the  level  of  the 
oceanic  waters. 

He  thought,  alsorto  recognize  four  periods  of  metamorphic  agency, 
though,  singularly  enough,  his  metamorphism  was  that  of  contact  by 
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igneous  iiuisses  only,  and  hence  his  periods  tlior.e  of  ij:;neous  intrusion. 
To  the  then  ordiimrily  accepted  causes  of  folding,  elevation,  and 
depression,  as  steam  and  elastic  vapors  in  a  high  shite  of  tension,  the 
contraction  of  the  earth  by  secular  refrigeration,  or  the  undulatory 
at^tion  of  the  fluid  interior,  combined  with  tangential  force — Mather 
added  a  fourth.  He  conceived  that,  as  the  earth  is  a  cooling  and 
shrinking  liody  apd  revolving  with  increased  rapidity  owing  to  its 
diminished  diameter,  the  ocean,  ))eing  fluid,  would  not  immediately 
pirtiike  of  this  increased  velocity,  and,  therefore,  as  the  earth  revolved 
from  west  to  east,  a  current  of  greater  or  less  strength  would  set  to 
the  westward  over  the  whole  ocean,  but  strongest  at  the  ecpiator.  The 
inertia  of  the  solid  mass  of  the  interior  of  the  gloln*  would  also  cause 
it  to  press  to  the  westward  with  a  power  depend(»nt  upon  the  nipidity 
of  rotation.  Given,  then,  lines  of  weakness  wh(»re  yielding  would 
take  place,  motion  and  distortion  or  (devation  might  follow.  If  the 
interior  were  fluid  and  the  solid  exterior  floating  ujx)!!  it,  a  change  in 
the  velocity  would  produce  still  stronger  ett'ects  and  changes  of  lati- 
tude of  masses  of  the  earth's  surface  affected  in  this  wav  would  result. 
Kvidences  of  this  were  seen  in  the  wrinkled  and  folded  strata. 

Some  75  pages  of  Mather's  report  were  given  up  to  a  description 
and  discussion  of  the  phenomena  of  the  drift.  He  concluded  that  the 
t rails j)ort  of  the  drift  and  the  pnxluction  of  scrat<'hed  surfaces  were 
contemporaneous,  the  drift  itself  l)eing  transjK)rted  in  part  by  cur- 
n*nts  and  in  part  by  ice,  itself  drifted  by  the  lairn^nts.  The  pericKl  of 
the  drift  and  that  of  the  Quaternary  d(»posits  were  separated  by  a 
partial  submergence  of  the  land;  and  furth(»r,  the  periods  of  the  drift 
were  periods  when  the  currents  wen*  strongtM*  than  at  the  pn»sent 
time.  He  conceived  this  to  be  due  to  a  collapse  of  the  <'rust  of  the 
glolie  upon  its  nucleus  by  refrigeration,  causing  an  accel(»ration  of  the 
veUx'ity  of  rotation,  *^and  this  a  cons(^<|U<Mit  disturbance  of  the  form  of 
c<|uilibrium  of  the  spheroid  of  rotation,  whi<*h  would  be  com|>ensated 
by  the  flow  from  the  jmlar  regions  and  an  acceh»rated  flow  of  the 
e4|uatorial  regions.''  This  suddeii  acceleration  of  the  ocean  currents 
he  felt  would  l>e  sutKcient  to  cause  the  trans|>ortation  of  viist  (pianti- 
ties  of  detritus-laden  uq  fnmi  the  polar  regions  southward. 

The  large  amount  of  drift  s<'attered  ov(»r  the  central  and  northern 
MiH.Hiji(sippi  region  he  aMTilH»d  incidentally  to  ice-laden  currents  from 
HudMon  Itey  and  the  ix>lar  seas  which,  flt>wing  ovc»r  the  northern  part 
of  the  Unittnl  StaU»s,  wouhl  \h*  met  bv  th(»  warm  waters  of  the  (iulf 
Stream,  causing  them  U)  de|)osit  their  loads.  The  warm  current  flow- 
ing northward  would  1h»  sui)erimposed  on  the  cold  4*urrent,  the  latt4»r 
continuing  southward  Ix^neath  it.  trans|x»rting  the  flner  mat^^rials  .such 
as  now  oivupy  the  lower  Mississippi  VaUey.  It  may  1k»  added  that 
Mather's  disposition  to  overload  and  overwork  the  (iulf  Stream  is 
somewhat  amusing.     Not  mei*ely  <lid  he  }ts4>rilH'  the  glacial  drift  and 
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the  New  Red  sandstone  deposits  to  this  agency,  but  he  would  have  the 
entire  se<linientarv  series  of   the    New    York   s\'stem  dependent  on 
the  same  eaiises.    Thus,  writing  of  these  rocks:  ^'And  we  can  perceive 
no  region  from  which  such  a  vast  amount  of  mineral  matter  can  have 
>)e<^n  abraded  and  washed  awav     *     *     *     unless  it  has  been  brousrht 
bv  the  equatorial  and  polar  currents  in  their  ceaseless  flow  through 
all  time  sinct*  the  ocean  has  occupied  the  surface  of  the  earth.'"     Again: 
"And  these  depositions  seem  to  have  l)een  formed  in  a  kind  of  eddy 
produced  bv   the  meeting  of  the  flow  of  warm  waters  of  the  Gulf 
Stream  through  the  Mohawk  Valley  with  the  polar  current  through 
the  Champlain  and  Hudson   valleys."     To  the  presence  of  this  cold 
polar  current  on  the  east  he  attributed  also  the  comparative  paucity 
of  fossil  remains  in  these  rocks  when  compared  with  those  same  hori- 
zons to  the  west,  and  to  the  same  joint  action  of  polar  and  equatorial 
currents,  the  formation  of  the  coal  In^ds.     The  equatorial  current,  he 
argued,  performed  a  circuit  around   from   New   Mexico  along   the 
Kocky  Mountiiins,  a  part  flowing  into  the  polar  sea  and  Hudson  Bay 
and  the  remainder  through   the  northern  pait  of  the  United  States 
and  southern  part  of  Canada,  where  it  again  divided,  one  part  flowing 
over  and  through  the  St.  Lawrence  Valley  and  the  remainder  over  the 
Mohawk  Valley  and  along  the  Blue  Ridge  around  once  more  to  the 
Mississippi,  where  it  would  rejoin  the  same  stream,  a  polar  current 
meantime  flowing  through  the  St.   Lawrence  and  Hudson  valleys  to 
the  valleys  of  the  Red  River  of  the  North  and  the  Mississippi.     The 
meeting  of  these  currents  at  particular  points  would  produce  eddies 
and  conse((uent  stagnation  of  the  current.     The  transported  organic 
matter.  b(»coming  water-logged,  would  sink  to  the  bottom.    This  mode 
of  formation,  he  thought,  would  account  for  the  presence  of  tropical 
v(»get4ition  in  the  polar  regions. 

Tho  white,  red,  mottled  brown,  and  blue  clays  and  variegated  sands 
of  Long  and  Staten  islands  he  regarded  as  the  geological  equivalents 
of  certiiin  beds  of  New  Jersey  underlying  the  drift  and  Quaternary 
and  of  C'retiiceous  age.  The  materials  he  thought  to  have  been  derived 
from  the  breaking  down  of  the  gneissic.  granitic,  and  other  crystalline 
siliceous  nnks  which  extend  parallel  to  the  Atlantii*  chain  from  Georgia 
to  Maryland  and  reappear  again  in  Connecticut  and  Rhode  Island, 
extruding  probably  into  Massachusetts.  This  material,  to  him,  lK>re 
evidence  of  trans|K)rt  from  the  southwest,  and  he  believed  the  (hilf 
Stream,  as  iM^fon*.  to  have  been  the  tmns|X^rting  agent,  its  velocity 
iMMiig  clieckrd  by  the  --outlnvard-traveling  jK)lar  curreiit.  These  cold 
(•un«'nt<  >iiikiiiir  to  the  l>()ttom  would  not  b(»  conihu-ivt*  to  inowth  of 
animal  life  and  liciict'  the  beds  are  companitively  nonfo-N^iliferous. 

Mather  believed  that  duriiig  the  Quaternary  di\  i«*ion  of  time  a 
\  a^t  iidand  ^ea  occupied  the  basin  of  the  St.  l^iwnMice  an<l  Hudson 
valle\N.  ;iiid  that  <lmiiitr  this  time  the  chivs  and  marU  were  laid  down. 
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the  water  having  only  a  very  niodemte  flow;  that  sub.secjuently  the 
country  was  raised  en  nias-se  to  a  height  of  from  lM)i)  to  1,()()0  feet. 
Tliis  elevation  he  conceived  to  have  been  sudden,  causing  strong  cur- 
rents to  flow  through  the  channels  communicating  with  the  ocean, 
(le|K)siting  sand,  gravel,  and  bowlders  in  their  eddies.  (See  further 
on  p.  8}>4.) 

lie  also  believed  that  the  limestones,  that  are  frequently  crystal- 
line white  and  variegjited  marbles  in  the  western  part  of  Vermont, 
Massachusetts,  and  Connecticut,  were  metamorphosed  forms  of  the 
Mohawk  limestone  and  Calciferous  sandstone;  that  they  were,  in  short, 
rocks  of  the  Champlain  division,  but  nmch  more  highly  altered  and 
iiiodiHed  by  metamorphic  agency  than  Taconic  rocks.  It  should  be 
said  that,  while  using  the  term  "Taconic"  and  describing  the  rocks  and 
their  distribution,  Mather  stated  distinctly  that  he  regarded  the  Cham- 
plain  division  and  the  Taconic  systems  as  the  "'same  rocks,  the  latter 
somewhat  modified  in  character  by  metamorphic  agencies.'' 

In  describing?  the  Taconic  rockn  separately  I  have  yielded  Xrt  the  opinion  of  my 
«»c>lleaj^e8  who  have  considere*!  them  as  interpose*!  iK'tween  the  Champlain  division 
an<i  the  primary.  1  can  discover  no  evidence  of  any  such  inter|K>sition,  but  consider 
them  Bs  rocks  mo<lified  hy  metamorphic  aj^ency  and  intermediate  in  their  character- 
istics l>etween  the  unchan>?eil  roi'ks  of  the  Champlain  division  ami  those  still  more 
altered!  and  crystalline  alon^;  the  eastern  line  of  New  York  and  in  the  west«»m  jmrt 
of  Vermont,  Massachusetts,  and  Connecticut.  (See  also  under  The  Tac'onic  Ques- 
tion, p.  G59. ) 

The  trap  rocks  of  the  Hudson  Palisades  he  looked  upon  as  ancient 
lavas  that  had  flowed  through  the  rock  fissures  in  dikes  while  this 
part  of  the  continent  was  still  U^neath  the  waters  of  the  ocean.  These 
rocks  and  the  a.ssociated  red  sandstones  he  rightly  believed  to  be  of 
the  same  age  as  those  of  Connecticut,  Virginia,  and  Nova  Scotia, 
though  he  wrongly  put  down  the  I^ake  Sujwrior  red  sandstone  as  also 
a  contemporaneous  dej)osit. 

Emmons,  who  had  charge  of  the  second  district,  presented  his 
results  in  a  quarto  volume  of  4^^7  jMiges,  with  17  plattvs  and  colored 
soction.s.     It  was  during  this  survey  that  he  proj)osed  the  name  New 

York  Ti*ansiti<m  system  for  the  stmtigmphic  series  of 


Hmw  York. '*'*^  *"     ro<*ks  ext4»nding  from  the  primary  up  to  and  including 

the  Old  R«m1  siindstone.  Subso(juently  this  name  was 
nhortened  bv  the  omission  of  the  word  //Y///x///V//^  and  in  this  form 
was  adopted  by  the  other  memU^rs  of  the  survey,  lie  classified  the 
nicks  of  this  .system  in  ascending  order  as,  first,  Champlain  division; 
.**econd,  Ontario  division;  third.  I  lelderljerg  division;  and,  fourth,  Erie 
division.  The  first,  or  Champlain,  <livision  included  the  Pot.sdam 
sandstone,  the  Cal<*iferous  san<i  r(M*k,  the  Chazv  and  Hirds<»ve  lime- 
stone,  the  Isle  la  Motte  marble,  Trenton  limestone,  and  I ioraine  shales. 
Tlje  sfH*<ind«  or  Ontario  division,  included  the  Medina  sjindstone,  green 
shak%  ami  oolitic  iron  ore,  now  known  a.^  the  Clinton  ore,  the  Onon- 
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daga  salt  and  plaster  rofks,  and  the  Manlius  water  lime.  The  third 
included  tlu*  PtMitanierus  lime,  the  Oriskany  sand,  Schoharie  «jfrits,  and 
Helderberg  limestone.  The  fourth  included  the  Marcellus  and  Ham- 
ilton shales,  the  Tulley  lime,  Genesee  slate,  and  the  Itha<^  and  Che- 
mung slates  and  grits. 

He  regarded  the  transition  rocks  of  Essex  and  St.  Lawrence  countift* 
as  ecjuivalent  to  the  gray wacke  series  of  European  authorities.  The 
so-called  primitive  limestone  -the  peculiar,  coarsely  ery.stalline,  ser 
pentinous  limestone  occurring  in  Essex  County — he  conceived  might 
iHMin  eruptive  rock  in  which  the  carbonic  acid  had  been  retained  hj 
the  pressure  of  superincumlient  masses,  the  experiment  of  Sir  Jaine:» 
Hall,  as  he  believed,  bearing  him  out  in  this.  The  oct'urrenee  of 
plumbago  he  also  regjirded  as  favoring  the  igneous  origin  of  the  lime- 
stone, since  plumbago  is  itself  so  often  produced  in  furnaces. 

He  believed  the  agent  of  drift  transportjition  to  be  waU*r  and  ii*e. 
The  bowlders  he  thought  to  be  th(»  work  of  icebergs,  but  he  did  not 
regard  the  striations  and  polishing  as  due  to  them,  since  the  l>ottom 
of  the  ocean  is  not  bare  rock  !)ut  covered  by  debris;  and,  moreover, 
icebergs  would  not  move  in  straight  lines  (a  point  which  some  more 
recent  writtns  have  quit<j  overlooked.)  The  bergs  might  act  as  agents 
of  transportation,  he  argued,  but  not  of  erosion.  According  to  his 
ideas,  the  drift-covered  region  was,  during  the  drift  period,  depressed, 

the  country  low  and  connected  at  the  north  with  a  wide  and  extensive  rt^gioii,  ^ving 
rise  to  lar^e  rivers,  which  flowed  in  succession  over  different  parts  of  the  re^non 
lyinj;^  between  ('hatnphiin  and  the  St.  l^iwrence.  Thest*  rivers  were  wide,  shallow, 
and  swift  in  some  parts  of  their  courses,  and  frwpiently  found  new  channels.  They 
comnumicated  with  the  Atlantic  on  the  south  through  the  Chaniplain,  Hudson,  ami 
Mohawk  valleys.  They  hore  along  ice  loaded  with  sand,  iwhbles,  etc.,  which 
strratx'luHl  and  grooved  the  surface  of  rocks  over  which  they  flowed,  and  wen*  the 
agent,s,  also,  of  perforating  the  nx'ks  in  the  form  of  potholes. 

Emmons  was,  at  this  tinu%  a  catastrophist,  going  so  far  as  to  assert 
that  the  deep  canyons  in  the  Potsdam  siindstone,  like  the  An  Sable 
chasm,  were  '"opened  by  some  convulsion  of  nature." 

It  was  while  connected  with  the  New  York  Stiite  .•^urvev  that 
Emmons  conceived  the  idea  that  a  series  of  obsciire  rocks,  forming  a  In^lt 
some  fifte(»n  miles  wide  along  the  western  border  of  Berkshire  County, 
and  lying  along  both  sides  of  theTaconic  Mountains,  were  distinct  from 
anv  of  the  so-called  ])rimarv  rocks,  and  lav  !)elow  those  of  the  New  York 
system.  He  tluM'efore  ])r()p()sed,  on  stratigraphic  grounds,  to  raise 
these  rocks  to  the  dignity  of  a  system  by  themselves,  which  should  be 
called  the  Taconic  svstem.  Inasnuich  as  the  controversv  which  arose 
over  this  new  system  raged  vigorously  for  nearly  half  a  century,  the 
subject  is  considered  worthy  of  a  special  chapter.     (See  p.  ^J.M).) 

Vanuxenrs  report  on  the  third  district,  a  vohune  of  'MH\  |)ages,  con- 
sisted of  little  more  than  an  uninteresting  accotmt  of  the  <i<'ograpluc 


AMERICAN    OKOLOOV  —DECADE    OF    1810-1849.  379 

distribution  of  tho  various  rocks  jmd  thoir  fossil  contents.     In  fact,  it 

fell  short  of  what  one  would  be  led  to  expect  from  a 
ntwyS*.* ^"'^^^ *"    ptMHisal  of  his  earlier  papers.     His  district,  it  should 

be  noted,  comprised  the  counties  of  Montgomery, 
Fulton,  Otsego,  Herkimer,  Oneida,  Lewis,  Oswego,  Madison,  Onon- 
daga, Gi\ugji,  Cortland,  Ch(»nang(),  Broome,  Tioga,  and  the  eastern 
half  of  Tompkins. 

As  a  matter  of  petrogniphical  interest,  it  may  be  well  to  note  that 
the  serpentine  described  by  Vanuxem  [tirst  in  his  third  annual  reix)rt 
(1889)  and  la.st  in  his  final  volume  (1842)]  as  occurring  near  Synicuse, 
and  concerning  the  origin  of  which  he  was  then  somewhat  in  doubt, 
was  in  1844  described  as  an  igneous  rock,  and  as  the  only  mass  of  the 
kind  in  the  vicinity  of  the  Salt  Spring.  This  fact  seems  to  have  been 
quite  overlooked  by  Williams  in  ISST,  when,  working  with  all  the 
appliances  of  modern  p<»trogi-jiphy,  he  sliowed  the  rock  to  l)e  an  altered 
peridotite. 

To  James  Hall  was  assigned  tin*  foui-th  district  in  the  New  York 
State  Survey  at  the  close  of  the  first  season,  as  already  noted  (p.  344). 
Thiscomprist^d  fift^^en  counties,  including  all  that  part  of  the  State  lying 

we^tof  the  parallel  of  Cayuga  Lake  and  between  Lake 
H«ir»  Work  la  New  Qu^ario  on  the  north  juid  Pennsylvania  on  the  south- 
east. The  area  includes  the  least  disturbed  portions 
of  the  State,  those  iK)rtions  where  the  rocks  lie  in  a  beautiful  consec- 
utive HcricH,  extending  from  the  Medina  up  to  and  including  the 
Chenmng  and  affording  means  unrivaled  for  the  unraveling  of  the 
stratigraphy  of  the  continent.  It  is  doubtful  if,  at  the  time  this  dis- 
trict was  aH^igned  to  Hall,  he  himself  realized  its  iK)ssibilities— ^'er- 
tainly  his  collalK)rators  did  not.  Indeed,  at  the  time  of  Vamixenrs 
traasfer  and  HalTs  promotion  the  region  was  regarded  as  one  of  little 
promise  and  was  willingly  relimiuished  to  the  youngest  and  least 
experienced  of  tlie  fon*e. 

Hairs  report,  api)earing  in  1S43,  comprised  ()83  octavo  jwges,  with 
IJ*  plates,  including  a  colored  g(»ological  map  of  the  Stat(»  and  the 
United  States  as  far  w^est  as  the*  Mississippi  River. 

Hall  adopted  the  term  New  York  system,  as  suggested  by  Knunons, 
to  include  all  the  oldest  fossiliferous  rocks  of  the  State,  (excluding  the 
Cbemung  and  Oitskill.  As  defined  !»y  him  it  would  be  the  e<|uivalent 
of  what  was  embraced  in  the  tmntiitinn  of  Werner.  It  likewise 
included  Sedgwick*s  Cambrian,  Murchison's  Silurian, and  the  Devonian 
of  PhillifiH,  omitting  the  Old  Ued  sandstone. 

CoiH-erning  this  lie  wrot4»: 

Nowlit»rt*  w  then*  known  to  rxi.-t  ho  roinplrt*'  u  writes  of  the  oI(U»r  foHHilifenMiH 
nM*kp  M  thfM*  «»inbni<'<*<l  \%it)iin  tin*  limits  of  tlit*  Stutc,  un<I  for  \\\v  n*aM>n  that  in 
Nfft  York,  when*  th<*  inran-  «»I  iiivr-tiL'ati«»n  an*  U*>t  affnnltNl  an«l  wh«*n*  the  whole 
M  oiidiiiCaHied,  then*  i^  manifi^steil  th<*  rntint  i*oni|>lete  and  continuoiiH  Huecen- 
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sion,  showing  hut  one  geological  era  for  the  deponition  of  the  whole.  In  that  era 
the  earth  first  witnesse<l  the  dawn  of  animal  life  and  ages  of  it'^  greate.«t  fecundity  Id 
marine  organiHms  and  the  a|)j)roach  of  the  period  when  it  l)ecame  Htte<l  to  supijorta 
vegetation  so  luxuriant  and  universal,  of  which  no  modem  era  hasaffordeil  a  parallel. 

Hall,  it  should  be  noted,  in  this  report,  gave  precedence  to  paleon- 
tological  characters  over  all  others  in  distinguishing  the  sedimentary 
stmta,  bat  recognized  the  fact  that  lithological  charactei's  must  not  he 
wholly  disregarded,  a  fact  to  which  he  had  previously  called  attention 
(p.  383) 

Changes  in  the  lithological  features  of  a  rock  *  *  *  which  may  render  ol»er- 
vations  unsatisfactory  or  douhtful  are  usually  accompanied  by  greatef  or  less  change 
in  the  nature  of  the  fossils.  In  no  cast*,  therefore,  are  to  l>e  overlooked  either  of  the 
three  important  facta  and  characters,  viz:  Lithological  character,  order  of  superposi- 
tion, and  nature  of  the  contained  fossils. 

At  the  time  of  making  his  report  HalTs  views  regarding  the  drift 
were  still  somewhat  hazy.  That  he  did  not  accept  Agassiz's  doctrine 
of  a  vast  ice  sheet  is  verv  evident.     Thus  he  w  rote: 

That  blocks  of  granite  either  enclosed  in  ic^e  or  move<l  by  other  means  have  iDeen 
the  principal  agents  affecting  the  diluvial  phenomena;  that  they  have  scored  and 
grooved  the  rocks  in  their  passage  and,  breaking  up  the  strata  and  mingling  them- 
selves with  the  mass,  have  been  driven  onward,  carrying  everything  before  them  in 
one  general  melee.  That  such  may  have  l>een  the  case  in  some  instances  or  in  lim- 
ited localities  can  not  be  denied,  but  that  it  ever  has  lx»en  over  any  great  extent  of 
country  will  scarcely  admit  of  proof. 

The  erratics  he  felt  had  })een  dropped  from  time  to  time  by  ice  floes 
and  at  a  period  apparently  distant  from  that  of  the  general  drift. 

Hall  was  at  this  time  evidently  a  catastrophistand  regarded  the  drift 
soils,  terraces,  and  the  deep  valleys  and  water  courses  as  due  to  the 
violent  action  of  water,  which  may  have  been  caused  in  part  by  a  sud- 
den sul)merg(Mice  and  the  rapid  passage  of  a  wave  over  its  surface. 
His  vi(»ws  were,  indeed,  in  many  respects,  little,  if  any,  in  advance  of 
those  held  bv  Mitchill  twentv-live  v^'ars  earlier.  Like  Mitchill,  he 
conccMved  of  an  inland  sea  bonndcHl  by  and  held  })ack,  in  this  case,  by 
th(»  Canadian  Highlands  on  the  north,  the  New  England  mnge  on  the 
east,  the  Highlands  of  N(»w  York  and  the  Alleghenie.s  on  the  south, 
and  the  Rocky  Mountains  on  the  west.  Th(»se  presented  a  barrier  of 
from  1,000  to  1,200  feet  above  the  level  of  the  ocean  until  broken 
through  !)V  the  St.  Lawrence,  the  Susquehanna,  the  Hudson,  pyartially 
by  th(»  Mohawk  at  Little  Falls,  and  perhaps  also  by  the  Connecticut. 

Hut,  to  whatever  cause  we  attril)Utc  the  phenomena  of  the  superficial  detritus  of 
the  fourth  district,  the  wh(»li' surface  has  l)een  j)eriiianently  covered  by  water,  for  it 
seems  impossil)le  that  partial  imnnlations  could  have  j>roduci'<l  the  uniform  character 
and  disposition  of  the  materials  which  we  find  spread  (»v«'r  the  surlace. 

Hall  apparently  fail(*(l  jit  first  to  realize  the  (dlicacv  of  sul)a<»rial  ero- 
sion, and  tiioiight  that  the  immense*  amount  of  (ieiuidation  w  hirh  had 
takcMi    place  in   his   portion  of  the  Stat(»  could  oidy  have  been  accom- 
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ThuB  we  may  diiKfi 
txtneuth  the  iH'e»ii  fur  a  I 
washtil  hy  the  aiivuticii 
tionx  in  the  liini:!«>Uint;  d 


])tishod  iMsiicath  the  ocraii.  when  it  entiit-'ly  covertid  the  surfacr  of  tlip 
countrv  and  waN  stiltjoct  t<>  t'ldoa  and  ciiiTcnts  tiko  thi^  present  ocean. 

liiK  wliiili'  t'xtelit  ■)[  [iiliiilrv  t')  liHvo  U-cn  mibiiicrviHl 
[>eri<Hl;  unci  that  in  itc  siilMieiiuciit  cIcvalHiri  it  liati  liet-ii 
mi  rcliriiiK  "nves,  wliii'h  liavi'woni  tlKMlee|>  imleiitu- 
nil  liri)lccii  up  (lie  ed^cx  "f  tiie  Mlratx. 

Hall  was  ))urnat  Ilint;liani.  Miissiu-liusottM,  in  LHl  I,  and  studied  under 
t^ton  at  the  Rensselaer  i'olvteclniic  Institute,  ^mdualin^r  in  l.S3:i,  after 
whii-h  he  served  for  a  shi)rt  time  as  libi-arian,  and  wiv*  tlien  appointed 

assistant  to  Katon.  at  a  salarv  of  $I)INI  a  year, 
skrtdi  of  juM  f[j.,  f[f.^i  systematic  work  in  Hfi>\ony  wiisdinii!  under 

the  patronajfe  of  Stephen  Van  Kens-tcliicr  in  Si.  Ijiw- 
rcnco  County.  With  the  or^uiization  of  the  Sl^ite  j(eol(»<;ital  survey 
in  183(t  lie  was  appointed  assistant  to  Knunuiis.  I»ut.  after  the  willi- 
drawsl  of  Conrad,  wan  placed  in  eharjjc  of  the  fourth  district— 


the  Ifvet,  I 


ill[i);weF 


[I    IH.I 


his  ix 


whii'h  he  H'Hi<t(il<l  waH  poini  eniiii);h  fora  yoiint; 
o(  twenty-five.    The  rt'gion  wan  not  tlie  western 
Viirk  iif  tiMiay;  nuiila  were  liwi  miiniToiiFi  ami 
carefully  niaile;  ex[H>iiiires  were  rare  ami  jxior 
w~u<  iKt'eiwary  to  w*a<le  alniiK  )<treariii<  for   itiili 
inii)  fraKMieiitu  wliicli  wi-re  to  Iw  pieced  iuloti 
tike  H-etiiinB;    tlie   [Hiiple  wen-  MispiiioiiH,   fi':i 
laimi'  new  wheiiie  for  inereaifin);  tlie  laM's:  lint  i 
of  Ihexe  thintcH  liinveil  hini;  an  in  later  yea rv.  i 
liiltim  only  increSLHiKl  lii.i  iletemiinal 
the  only  one  of  the  (imr  final   n']K)rt»  wliiih  li. 
Iiniailly  with  the  prohlemi*  of   tin-  yotinif  M-irii 
anil,  thoatch  ii|»>n  the  i-onleiiineil  fmirlh  iliHlriil 
ix  tiie  only  one  whidi  hax  enaiirol  with  aiithoi 
•ml  tiecoRie  a  rlawic  in  Ke"''iKi(^l  liti'mtiiri'. 

The  linal  withdmwal  of  Conrad  from  even 
the  paleoii(ologica)  woik  left  I  lall  almost  sole  iiia«iter  <)f  the  tiel<l.  whieli 
he  for  It  time  lilled  m>  eomph-lely  that  lu'  MUne  to  re;,'jinl  it  as  his  own, 
and  relented  tiercely  any  intrusion  nixjn  his  domain.  This  resentment 
and  his  desire  to  jrain  priority  in  all  matters  relative  to  Paleozoic 
puleontology  caused  bim  at  times  to  resort  to  nicthtxls  so  i|iiesliona)>U> 
a«  to  roiwc  the  antajronLsm  of  nearly  every  j«leontol<ifrist  in  Amcrini," 
and  su)ti<-vted  him  to  criticism  of  the  severest  kind.  UndoiilitJ'dly  a 
portion  of  the  hatreil  and  op{H>sitioii  to  him  which  early  Iwcame  mani- 
f.-st  was  ihc  (nil^rrowtli  of  that  {a-culiar  jeahnisy  which  tho  ixtet  Uiley 
bits  i<o  aptly  set  forth  in  his  hmnorous  ihynie: 

AH'I  rv<'kno»[i,H>iiiet<.  lieatKl  wail, 

An.l)cli  iip.M»,nan.|M-t  «[.  lale, 


".Sf  Meek'n  iimirnenli' 
p.  307  relative  tu  the  Tr<»w 


iiriil   alu>  i-tHlenienl''  u 
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Much  of  it  was,  however,  unquestionably  fully  justified. 

His  disposition  to  down  an  opponent  through  sheer  weight  of  per- 
sonal authority  rather  than  by  proof  or  argument  sometimes  resulted 
in  placing  him  in  laughable  and  awkward  positions  before  his  audience, 
but  from  which  he  always  emerged  unembarrassed.  Thus  it  is  told 
of  him  that  at  the  Buffalo  meeting  of  the  American  Association  for 
the  Advancement  of  Science  a  member  rose  to  (juestion  a  statement 
of  his  to  the  effect  that  three  species  of  Spirifer  characterized  three 
zones  of  the  Chemung  formation,  the  gentleman  affirming  that,  so  far 
from  this  being  the  case,  the  three  species  could  often  be  found  upon 
one  slab,  indicating  that  they  !)elong  to  the  same  zone.  This  Hall 
emphatically  denied,  and  declared  that  if  such  a  slab  could  be  shown 
him,  i.  e.,  with  the  three  species  associated,  he.  Hall,  would  eat  it. 
The  next  day  such  a  slab  was  actually  produced,  though  it  is  not  upon 
record  that  Hall  was  called  upon  to  redeem  his  promise. 

He  was  a  man  of  tremendous  physical  energy,  whou)  no  amount  of 
opposition  could  down,  and  on  the  failure  of  the  legislature  in  1850  to 
make  the  necessary  appropriations  for  a  paleontological  survey  of  the 
State  he  carried  it  on  for  a  time  at  his  own  expense,  even  when  this 
involved  the  sacrifice  of  his  private  means. 

Stevenson  would  have  us  lx>lieve  that  the  fundamental  feature  of 
HalTs  character  was  ^'child-like  simplicity  united  to  self-confidence 
and  indomitable  energy.'"  With  reference  to  the  last-mentioned  qual- 
ities no  one  will  take  exception. 

Knowing  what  he  wanttMl  he  t(K>k  a  direct  line,  with  Httle  regard  for  anylxxiy  or 
anything  whieh  might  l)e  in  the  way  t«>  appose.  *  *  *  Ji^.  deceived  his  opjK)- 
nentfl  l)y  always  telling  the  truth,  something  strange  to  politicians,  ])ut  in  time  they 
came  to  understand  him  well,  and  strong  men  sought  c(»ml»at  simply  to  mea>iure 
strength,  as  in  gladiatorial  contests  of  olden  time.  Almost  invariahly  he  waa  victo- 
rious, hut  victory  was  often  worse  than  defeat,  for  it  converted  into  life-long  enemit»s 
men  wlio  In'fore  had  l)i»en  merely  indifferent.  *  *  *  He  lu'ld  his  place  for  almost 
two-thir<ls  (t{  a  century  througii  no  favor  of  man,  hut  solely  iH'cause  he  refused  to  ]m 
displaced. 

For  the  lu'iiefit  of  those  who,  after  the  science  of  i)aleontolog3'  was 
well  u\x)n  its  feet,  were  disposed  to  claim  it  as  a  branch  of  biology,  it 
n)ay  l)e  w(»ll  to  remark  that  with  Hall  the  problems  of  geology  were 
always  uppermost. 

His  quartos  on  the  New  York  pale<intology  are  his  mnnument,  and  the  casual 
ohst'rver  is  lial)ie  to  see  in  him  a  biologist  rather  than  a  geologist,  hut  until  his  later 
years  he  was  a  geologist.  His  stu«hes  were  from  the  stand]>oint  of  one  seeking  t-o 
<letermine  relations  l>etween  the  physiciil  an<l  biological  con<litions  in  order  to  solve 
problems  of  correlation.  The  great  pro])lems  of  geology,  not  those  of  biolog}',  were 
upiH'rmost  in  his  min<l  until  less  than  twenty  years  ago.  His  presidential  address  to 
the  American  AK««K'iation  for  the  Advancement  of  Science  in  1S57  (stH'  p.  499),  was  so 
far  in  advance  of  the  time  as  to  l)e  thought  not  merely  absurd,  but  mystical,  yet  to-day 
it  is  recognize<l  as  one  of  the  most  im|Mjrtant  contributions  to  une  of  the  most  difiicult 
problems  in  i)hysical  geology.     Even  in  his  later  years,  when  biological  problems 
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hail  assumed  their  proper  imiM)rtance  for  him,  he  would  have  resented  an  intimation 
that  he  was  any  le«<  of  pjeologist  than  iK'fore. 

Fift^»en  quarto  volumes,  comprising  4,581>  pa^es  and  l,OSl  full  page 
plates  of  fossils,  stand  as  an  endurin<if  monument  to  his  industry,  a 
rei'ord  which  never  has,  and  presumal)ly  never  will  be,  surpassed  in 
the  annals  of  American  geology/' 

In  1841  Ilall,  fresh  from  his  work  on  the  geological  survey  of  New 
York,  made  a  tour  through  the  then  western  State  of  Ohio  to  the 
Mississippi  River,  with  a  view  of  furthering  the  work  of  Vanuxem  in 

1S21>  relative  to  the  identitv  of  certain  of  the  western 
»taiij»  Work  la  Ohio,   formations  with  those  of  New  York.     As  a  result,  he 

claimed  that  the  rocks  seen  near  Cleveland  were  '^per- 
fectly identical  with  those  of  the  middle  portion  of  the  Portage  group,'" 
and  that  the  rocks  of  the  Chemung  group,  now  known  to  be  Waverly, 
appeared  near  Newbury  and  Akron.  The  Clitf  limestone  of  the  Ohio 
geologists  he  regarded  as  the  equivalent  of  the  Helderberg  series  of 
New  York,  or  at  least  of  the  Onondaga  and  Corniferous  members.* 
Perhaps  the  most  important  of  his  genemlizations  was  the  following: 

Fnmi  the  fact«  here  state* I,  the  <*oncIuwion  neeniH  nnavoidahle  that  the  eharaett^r 
of  foH<<ilH  i.s  or  may  Ik*,  a**  variable  ai^  hthological  charaetern;  in  fact,  tliat  the  speeieH 
de|)end  in  eome  dej^ree  npon  the  nature  of  tlie  material  anionjr  which  they  lived. 
F<»«*il  chara4*tere,  then^fore,  l)e<'ome  of  pandlel  imi)ortance  to  the  litholoj;ical;  and, 
ill  nnier  tn  arrive  at  just  conclusionn,  lM>th  miu<t  Ik*  stn<lie<l  in  connection,  and  loi*al- 
iti^  of  pn)ximity  exannne<l.  In  the  ca'H?  of  the  lludH)n  Itiver  jrro^P  ^>f  Hhales  an<l 
HainUtoneH,  in  i»a.*«<in^  from  New  York  to  Ohio  the  lithoI(»v;ical  character  in  almost 
entirely  chan^nl,  and  at  the  same  time  also  the  most  prominent  and  ahun<lant 
f<*Hpiltf  an*  unlike  thos*-  of  the  jrroup  in  New  York.  More  careful  examination,  how- 
ever, reveal«  the  fossils  which  charact^'rize  this  >;roup  at  the  Fjist,  an<l  also  at  the 
same  time  some  ol»scurely  similar  litholojrical  ciianicters.  Similar  litholo^ical  chan>(<»s, 
ac<N»m(mni(*d  hy  like  chan>jt*s  in  fossils,  <MHMir  in  more  limitiMl  distri<'tH  within  the 
State  of  New  York.  Without  desiring  to  diminish  the  value  of  fossil  characters  as 
ni«*ans  of  identifying  strata,  it  must  still  Im'  acknowled^e<l  that  similar  conditions  in 
the  lx*<l  of  the  fHi»an,  and,  apfiarcntly,  similar  <lepth  of  water,  arc  n*<|uire<l  to  jrive 
existeni'e  or  (x>ntinuati<»n  to  a  uniform  fauna;  and  when  wc  pan*''  U\vond  the  |H>ints 
where  these  con<litions  existed  in  the  an<'ient  ocean,  we  los<',  in  the  same  jhynt*,  the 
evi«lence*«  of  identity  through  successive  depositions,  often  of  very  different  natun-; 
yet,  at  the  same  time,  tht»se  may  not  have  had  a  very  wide  jriHi^raphical  ranjre. 

'M*n>f.  Charles  S<'huchert  informs  me  that  if  to  the  alM)ve  an*  ad<led  his  mis4*«*lla- 
ne*Mis  pu))lications  in  <N*tavo  the  nuridnT  «if  pji^res  <>f  text  puhlishe<l  during  his  life 
may  safely  tie  set  down  m*  not  h»ss  than  IdJMH).  l^iirjrc  as  are  these  (inures,  they 
wen\  however,  ex«*et^led  hy  the  celebrate*!  Bohemian  paleontoh^jrjst  Barrantle,  who 
ii«iie«l  durinj;  his  life  is  (piarto  volume>,  comprising  ryjyi'iy>  padres  of  text  and  7*.»H 
ptatii*  of  f€K«<ilH,  U*Hid(*s  leaving  manus<'ript  and  mat^Tial  f<»r  at  lea^^t  10  voIuuh's 
m€»rp,  of  which  4  have  Uh'U  issue<|  ^ince  his  death. 

'^  .\l  that  time,  the  ('ornifen)us,  Schoharie,  Cauda-^rjilli,  Oriskany,  and  the 
CHion«la|(a,  or  Salina  and  Waterlinn*,  w«'re  «*oiisid«'re<l  suUljvisions  of  the  I'pfH'rand 
U>wer  Ilelderbery. 
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Ho  fiiilher  wrote: 

One  of  the  most  interestinjj:  ctiaiijjes  in  the  i>ro<lnetH  on  goiiijf  westward  is  the^nvat 
iiu'reHHc  of  ciirl)onate  of  lime,  and  the  diminution  of  nhaly  and  samly  matter,  indi- 
cating? a  deeper  ocean  or  j^reater  di.stance  from  lan<l.  The  wmrce  of  the  (ralcare^»ii$ 
depo»itH  \fi  thus  shown  to  have  l)een  in  that  direction,  or  in  the  southwest,  wliile  the 
sands  and  clays  ha<l  their  origin  in  the  east,  southeast,  and  northeast,  ]>n>dneinga 
turbid  crHidition  in  the  waters  of  these  parts  during  long  intervals,  and  the  formation 
of  chemical  deposits.  In  New  York  we  are  evidently  u{K)n  the  margin  of  this  primeval 
ocean,  as  indicated  in  the  character  of  the  deposits  as  well  as  organic  remains;  the 
southwest  unfolds  to  us  that  i)ortion  where  greater  depth  and  more  quiet  condition 
prevailed. 

This  is  apparently  the  first  clear  enunciation  by  an  American  geolo- 
gist of  what  are  now  generally  recognized  as  well  established  geologi- 
cal principles. 

It  was  but  natural  that  Hall,  while  geologist  of  the  fourth  district  of 
New  York,  should  write  concerning  Niagara  and  its  gorges.  The 
views  of  Bakewell,  Rogers,  and  Hayes  have  been  already  noted  in 

these  i>ages.  Hall  in  his  State  report  (1841),  but  more 
Concerning  Nimgani.  in  detail  in  the  Boston  Journal  of  Natural  History  for 

1842.  *" 

1842,  covered  the  ground  in  a  manner  much  more 
thorough  and  scientific  than  any  of  his  predecessors. 

Hall  announced  at  the  outset  his  disagreement  with  Doctor  Dau- 
beny,''  who  considered  that  the  terrace  oi*  escarpment  at  Lewiston  was 
produced  by  a  fault,  as  he  found  no  evidence  whatever  of  even  the 
smallest  disturbance. 

He  noted  the  abrupt  change  in  the  direction  of  the  stream  at  the 
Whirlpool,  and  also  the  gravel-tilled  channel  extending  from  this  ]x>int 
to  St.  Davids,  but,  singularly  enough,  failed  to  realize  that  this  may 
have  been  the  one-time  channel  of  the  Niagara.  He  felt,  mther, 
that  this  ravine  was  excavated  by  the  power  of  the  waves  of  the  sea, 
aided  probablv  bv  a  stream  which  mavhave  been  of  verv  insiifuificiint 
])roportions. 

The  fact  was,  however,  recognized  that  the  river  was  at  that  time 
carving  (mt  its  own  channel,  and  the  (wisting  gorge  from  the  falls  to 
lewiston  was  due  to  the  same  caus(». 

In  1S41,  after  s(»veral  years  of  agitation,  there  was  established  a 
geological  survey  of  Canada,  of  which  \V.  K.  Logan  was  put  in  charge 
in  the  spring  of  1S42,  the  sum  of   i'1,.500  l)eing  appropriated  for  the 

purpose  of  carrving  out  the  work.  During  the  season 
Qeoiofficai Survey      of   1  s42  Loj^an  si)ent  scvcral  w(»eks  in  examinuiir  iK>r- 

of  Canada,  1842.  1.11.11         i.  x-  i   vt  ,7 

tions  of  the  coal  helds  of  Nova  N*otia  and  New  Hruns- 
wick,  and  made  his  famous  section  of  the  Coal  Measures  at  the  South 
Joggins,  which  gave  the  details  (»f  nearly  the  whole  thickness  of  the 
coal  formation,  some*  14,r>(M)  f(»et,  including  1i)  beds  of  coal  and  JH) 
distinct  Stigmaria  under-day s.     Logan  remaiiied  at  the  head  of  this 

^'  I)aul)eiiy  wai*  ])njfet«s?<jr  at  Oxford,  Kngland. 
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Bv  until  1869,  when  he  resigned,  to  be  succeeded  l>y  Selwyn  (see 
111).  During  this  period  he  8ul)mitted  sixteen  repoi'ts,  dealing 
ily   with  stratigraphic  and 


"V 


omic  subjects,  and  in 
nmation  of  his  results  un- 
:be  («ption  of  The  Geology 
anada  (p.  517). 
mong  the  early  members  of 
New  York  Lyceum  was  one 
ihar  Cozzens.  a  chemiHt  and 
t^st.  who  has  left  as  his 
I  claim  to  recognition  here 
•ctaro  volume  of  114  pages 

9  plates,  entitled  A  Geo- 
,  logical  History 
nraiNew  of  Manhattan 
or  New  York 
:id,  t<^ether  with  a  map  of 
Island  and  a  suite  of  Sec- 
5,  Tables,  and  Coluiims  for 
Study  of  Geology,  particu- 
r  adapted  to  the  American 
lent.  This  wa«  published 
'*43.  The  map  and  sections 
3  all  hand-colored,  the  latter 
ewhat  gorgeously,  and  in- 
ed,  aside  from  those  rclat- 
to  New  York  Island  proper, 
ions  of  Staten  Island:  one 
as  the  Palisades  on  the  west 
of  the  Hudson  River;  one 
1  Stony  Point,  on  the  Hud- 
River,  through  Dunderl>erg 
intain  in  New  York;  one 
1  Brenton  Reef  to  Ports- 
th.  Rhode  Island,  and  one  of 
far*  Falls,  the  latter  show- 

the  origin  of  the  falls 
ugh  the  gradual  undermin- 
of  the  softer  shnles  and  the 
.king  down  of  the  harder 
stones  al>ove. 

le  rocks  of  Manhattan  Island  proper  were  classed  as  (I)  gi^anite. 
yenitc,  (;i)  gneiss.  (4)  hornlilende  slate,  (5)  ijuartz  rock,  (ti)  serpen- 
,  (7)  primitive  limestone,  and  (8)  diluviou, 
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In  the  various  sections  given  the  vertical  distances  are  grossly 
exaggerated,  and  the  rocks  piled  on  top  of  one  another  without  aoy 
evident  consideration  of  their  original  position;  nor  is  there  in  the 
text  any  indication  that  the  author  considered  at  all  the  problems 
relating  to  original  horizontality,  uplift,  and  erosion.  The  red  sand- 
stone associated  with  the  New  Jersey  traps  (Triassic)  he  considered  &< 
Old  Red,  but  the  impressions  of  fossil  fish  that  had  been  reported  bs 
found  therein  he  regarded  as  mther  from  overlying  beds — from  ^'one 
of  the  uppej*  members  of  the  Coal  Measures  which  lie  above  it." 
The  Triassic  conglomerate  of  Maryland  and  Virginia  was  also  inci- 
dentally referred  to  the  Coal  Measures.  This  seems  a  little  strange 
when  we  consider  the  previous  work  of  his  collaborators,  Kedfield  and 
Hitchcock. 

It  is  stated  in  his  preface  that  the  work  was  first  undertaken  for  his 
own  amusement  and  study,  and  it  is  possible  that  his  influence  can  not 
be  gauged  simph^  by  this  one  publication." 

In  1843,  also,  there  was  published  by  Byrem  Lawrence  a  geological 
mapand  descriptive  pamphlet  of  the  Western  States.  This  was  designed 
for  popular  use,  and  was  claimed  to  be  the  first  attempt  of  its  kind. 

The  ''Western  States''  at  that  date  included  nothing: 

Lawrence's  QeolOiry  «         ,  -^r*        '        '  'mrn  ^     n^t  ^-rr  ^%      I 

of  the  Western  wcst  of   the    Mississippi   Valley.      'The  West,"   he 

wrote,  ''  has  no  mountains  nor  even  hills,  except  such 
as  have  been  produced  by  the  action  of  running  water  ♦  ♦  ♦.  The 
rocks  here  have  never  been  broken  by  violence  nor  tilted  up  as  in  the 
East,  but  lie  apparently  horizontal  in  the  sides  of  the  hills."  The 
drift  he  described  in  some  detail,  its  source  recognized  and  its  cause 
attributed  to  water  and  ice.  ''  It  is  probable  there  may  l)e  some  anal- 
ogy between  the  whole  matter  and  the  ice])ergs  of  the  present  day.'** 
In  1S4.S,  too,  the  noted  Edmund  Kutlin,  agricultuml  surveyor  of 
South  Carolina,  published  a  report  of  the  commencement  and  progress 
of  his  survey,  in  the  form  of  a  small  volume  [of  120  +  55  pages], 

which  naturallv  related  larsfelv  to  at^ricultural  matters. 

Ruffln  and  Tuomey's  .    •        ,    i  *  r   .      r  *u     •  *    u      *     ^  i 

work  in  South  It  Contained,  however,  a  list  of  th(»  invertebrate  fossils 

Carolina,  1843.  <•      i         «  i  i  i  i  <• 

of  tlie  htate  as  then  known  and  numerous  analyses  of 
the  mai  Is.     He  noted  that  nearlv  the  entire  countrv  above  the  lower 


'Hn  tht*  annals  of  tlie  Lyceum  of  Natural  History  for  18()7,  Mr.  R.  P.  Stevens 
had  a  paper  read  in  18(>5  on  the  past  and  present  history  of  thege<:>logy  of  New  York 
Island.  In  this,  after  reviewing:  the  work  of  II.  II.  Hayden,  Maelure,  Akerly,  and 
Cozzens,  he  pive  the  results  of  later  observations  by  himself  in  the  75  to  100  miles 
of  artificial  sections  exj)ose<l  since  Cozzens's  time.  He  showed  the  island  to  be  a 
l»ortion  of  the  main  land  of  Westchester  County  cut  off  by  a  profound  fault.  The 
HK'ks  enumerated  were  chiefly  gneiss,  which  he  considered  metamorpho8e<I  Taconic, 
cut  by  granite,  and  iuterlK»dded  with  limestone. 

''Lawn'ucc  is  cnMlitcd  in  Darton's  bibliojjraphy  of  American  geolojry  with  but  two 
very  brief  jrcoln^ical  pa|H»rs — on  Coal  in  Arkansas  and  the  (ieolopy  of  Arkan^a^ — 
publishe<l  in  New  Orleans  in  1851  and  IH.").';,  resjK'ctively. 
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full  line  of  the  rivers  was  o<TupieiI  hy  yrnnitic  rocks  and  their  residuul 
soili). 

The  first  attempt  at  a  systematic  geolot;ical  survey  of  South  Caro- 
lina was  inaugurated  in  1S44  with  the  appointment  of  Miehael  Tuomey 
as  State  geologist.  The  first  report,  an  octavo  pamphlet  of  45  pages 
with  an  appendix,  was  submitted  in  Novcml)er  of  the  same  year.  This 
was  devoted  mainly  to  economic  considerations,  and,  aside  from  a  few 
notes  on  rock  weathering,  contained  little  of  general  interest.  His 
final  report,  which  appeared  in  1849,  will  Ihs  noted  later. 

Tuomey  was  Iwrn  in  Ireland  in  1M}.5,  and  went  to  Kngland  when 
alK»ut  17  years  of  age,  shortly  afterwards  coining  to  .\merica.  He 
first  settled  near  Philadelphia,  going  theme  to  Maryland,  where  he 
served  for  a  time  as  a  tutor  in  a  private  fiiiiiiiy,  lie 
MMGh •! TsMBcr.  cnt^'red  the  Kensselaer  school  in  New  York,  and  after 
graduation  went  South,  serving  tirst  as  an  engineer  on 
a  railway  in  North  Carolina  and  aftei-wards  as  a  teacher  in  Vii^inia. 
His  love  for  natural  history  led  him  to  make 
collections  of  fos-siis,  which  brought  him  in 
contact  with  Sir  Charles  Lyell,. lames  Hall, 
.1.  n.  Dana,  and  others,  and  he  shared  with 
K*>gers  the  honor  of  discovering  the  infuso- 
rial beds  near  Richmond  and  Petersburg. 

In  1844  he  Ijecame  State  geologist  of 
South  Carolinia.  a.-*  already  mentioned,  and, 
in  1847.  was  appointed  professor  of  geology, 
mineralogy,  and  agricultural  chemistry  in 
the  I'niversily  of  Alal>ama;  in  1848  receiv- 
ing in  additiim  the  appointment  of  State 
geolc^ist.  As  a  teacher  Tiioniey  is  repre- 
sented to  us  us  {xissossing  in  a  remarkable  fk^. 3.->.— Mirhiri Tuom.y. 
degree  the  faculty  of  interesting  the  student, 

those,  even,  who  to«>k  m>  {wrticular  interest  in  the  sulijoct-matter  of  his 
lectures.  His  native  Irish  wit  did  nmch  U>  n'nder  his  lectures  enter- 
taining, especially  to  those  who  were  not  tiie  victim.-i  of  it,  he  being 
particularly  unmerciful  in  his  n'bukes  and  exposures  of  shiims  and 
affectations. 

His  moHt  important  jniblications  are  his  official  reports  on  the  geol- 
ogy of  South  Carolina,  and  his  joint  report  with  Dr.  F.  S.  Holmes,  of 
Ctiarleston.  on  the  l*lioi.-ene  fossils  of  tliat  State,  the  latter  of  which 
appeared  in  1S55. 

Prior  to  the  introduction  of  the  micn)sci>|M'  and  the  study  of  ro<-k 
Btmctures  by  means  i>f  thin  sectior^  (alioiit  IH7u)  views  reganling 
metaniorphisni,  pHrtii-ularly  such  iis  are  due  to  >hccring  sln>s.ses  in 
the  older  crystal  I  i  >■<*»,  were  naturally  smnewhiil  vague.  With  ns-ks 
l4H>lineof  grain  to  alh>wailet4>nninatiori  of  tht-ir  struct un-  and  miin-nil 
cimipoHition  by  the   unaidtil  eye,  only  inish-  of  iKriurrencc  cnuid   Is' 
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relied  upon  to  give  a  clew  to  their  origin,  and  it,wa!4  not  until  the  thin 
sections  made  it  possible  to  sometimes  trace  a  distinct  gradation  from 

schistose  and  foliated  rocks  of  decidedly  nietamorphic 

Dafca's  Views  on  "  '^ 

Meumoiphism.        uspcct  into  massive  eruptives  of  the  same  ultimate  com- 
position that  a  feeling  of  doubt  began  to  arise  in  the 
minds  of  observers  regarding  the  assumed  sedimentary  origin  of  the 
gneisses  and  crystalline  schist**. 

It  was  during  this  prematinal  period,  as  Rogers  might  have  termed 
it,  that  J.  D.  Dana  came  out  with  a  suggestive  paper  in  the  American 
Journal  of  Science  on  the  analogies  between  the  modern  igneoiLS  rocks 
and  the  so-callod  Primary  formations  and  the  metiunorphi(*  changes 
produced  by  h(»at  in  the*  associated  sedimentary  dejwsits.  The  con- 
chisions  arriv(»d  at  were  based  upon  observations  made  during  the 
Wilkes  exploring  expedition,  and  the  exciting  cause  of  a  paper  at  this 
time  would  appear  to  have  been  the  somewhat  varying  views  recently 
put  forth  )}y  Lvell. 

Dana  argued  that:  (1)  The  schistose  structure  of  gneiss  and  mica 
shite  was  not  necessarily  an  evidence  of  sedimentary  origin;  (2)  that 
souH*  granites  having  no  trace  of  a  schistose  structure  may  have  had  a 
sedimentary  origin;  and  (8)  that  the  heat  producing  metamorphism 
was  not  applied  from  beneath  by  conduction,  but  was  rather  due  to 
heated  waters  of  the  ocean  which  permeated  the  rocks.  As  confirma- 
toi'v  of  the  tirst  he  called  attcMition  to  the  parallel  arrangement  of  the 
minerals  and  the  consequent  platy  structure,  with  a  tendemy  to  split 
along  certai?!  lines,  which  were  sometimes  found  in  volcanic  and  other 
igneous  rocks.  The  possibility  of  a  schistose  structure  due  to  dynamic 
(shearing)  causes  was  uot,  however,  suggested. 

His  argument  for  (he  possi})le  metamorphic  origin  of  certain  gran- 
it<»s  was  bascMl  upon  tli(»  fact  that  some  of  the  basaltic  tuffs  observed 
by  liim  in  the  And(»s  aiid  in  Oregon  had  become  so  indurated  that  their 
fragmental  origin  was  almost  wholly  o!)scured.  He  felt  that  if  ro<*ks 
of  this  tvpe  could  ])e  so  remc)deh»d  or  re  hardened  as  to  l^e  s<'arcelv  dis- 
tinguisliable  from  the  parent  rock,  sedimentary  deposits  of  granitic 
origin  might  und(»rgo  a  like  change. 

His  arguuKMit  agjiinst  metamorphism  by  dry  heat  was  enforced  by 
calling  attention  to  the  low  conducting  power  of  stone,  which  is  such 
that  heat,  even  to  the  point  of  fusion,  may  be  transmitted  only  a  few 
inches.  ''Lavas  mav  b(»  heated  to  a  red  heat  within  a  yard  of  the  sur- 
face  and  still  !)e  so  cool  al)ov(»  that  the  bar(»  foot  may  walk  upim  them.*' 
He  h(»lieM'(i  that  subterranean  wat(M's  or  water  on  sea  bottoms  might 
become  so  heated  by  '*  volcanic  tires''  as,  on  pinim^iting  the  rocks,  to 
bring  about  tin*  metamorphism.  This,  of  course*,  would  mean  that  the 
g!i(Mssic  rocks  w(M'(»  not  necessarily  deep  seated  (hypogene).  as  held  by 
Lyell,  but  analogous  to  other  rock  formations  deposited  and  solidified 
at  or  n(Mir  th(»  surface. 
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In  a  paper  read  l)efore  the  fifth  .session  of  American  (Jeologists  and 
Natumlists  in  1844,  Prof.  Edward  Hitchcock  descri!)ed  a  traj)  tufa 
differing  from  ''common  trap''  in  being  conglomerate  and  apparently 
Hiubcpckoo  the  carrying  organic  remains.  He  believed  that  this  was 
Coaaenicat  Valley    produced   before  the  main  ridijfes  of   trap  alone  the 

end  on  Incliaatloa      '^  .  .  ^  . 

of  stnrta,  1844.  Connecticut  River,  by  precursory  outbursts  of  pumice, 
scoria,  ashes,  and  melted  matter  falling  over  the  bottom  of  the  ocean, 
where  it  l)ecame  admixed  with  sand  and  gravel.  After  this  layers  of 
sandstone  accumulated  over  it,  and  finally  the  main  ridges  of  trap  were 
protruded  through  the  strata,  tilting  them  up. 

He  regarded  the  dip  of  the  sandstone  in  the  valley  as  due  in  part  to 
elevation  by  the  protrusion  of  the  trap  and  in  part  to  the  lifting  and 
lateral  movements  of  the  adjoining  primary  ridges.  He  felt,  however, 
that  the  sandstone  might  have  been  originally  deposited  on  a  slightly 
inclined  plane.  This  last  view  brings  up  a  matter  which  seems  often 
to  have  seriously  troubled  the  earlier  geologists,  and  which,  so  far  as 
the  literature  shows,  was  never  solved  for  itself,  but  U^came  lost  sight 
of  as  other  and  satisfactory  means  of  accounting  for  the  phenomenon 
were  olwerved.  This  relates  to  the  inclined  position  of  strata  — how 
much  of  it  was  due  to  original  deiK)sition  and  how  nuich  to  upheaval. 
Cleaveland,  it  will  be  rememlxM-ed,  in  his  work  on  geology  and 
mineralogy,  IHUJ,  expressed  a  doubt  as  to  whether  the  inclined  |K)si- 
lion  of  strata  was  original  or  due  to  some  powerful  cause  which  had 
elevat^nl  them  from  horizontalitv.  Maclure  in  lS2i)  suggested  that  the 
dip,  so  far  as  the  transition  rcK'ks  were  concerntHJ,  might  result  from 
their  having  been  laid  down  on  a  primitive  floor,  conc(»rning  the  posi- 
tion of  which  nothing  was  known.  Hitchcock,  it  will  be  noticed,  with 
his  usual  caution,  felt  that  l)oth  causes  might  have  been  instrumented 
in  producing  the  dip  observed. 

At  the  same  session  at  which  Hitchcock  read  the  paper  noted  alM)ve, 
I^njamin  Silliman,  jr.,  presented  a  re|X)rt  On  th(»  Intrusive  Trap  of 
the  New  R4»d  Sandstone  of  Connecticut.  His  conclusions  wore  to  the 
effec't  that  the  sandstone*  was  let  down  from  susjM^nsion  in  water  in 
the  inclined  position  which  it  now  occupies  and  that  it  had  sutf(M'ed  no 
change  in  dip,  excepting  in  inunediat4'  connection  with  the  injection 
of  the  trap  rocks.  He  considered  it  probable  that  the  stratei  were 
deposited  by  a  primeval  cx*ean  current  setting  from  the  southwest  and 
west.  Sul)s<*quenl  t4)  this  accunuilation  and  consolidation  the  lower 
primary  rocks  were  disrupUnl,  tin*  igneous  rocks  injected  through  the 
Hssure^  and  distributed  along  the  linens  of  least  resistance  in  the  sedi- 
ineutar^'  strata— that  is,  along  and  up  the  plane  of  the  dip,  thereby 
lifting  the  strata  parallel  to  the  dip  from  the  beds  on  which  th«\v  had 
lie  fore  reposed.  At  the  same  time  there  were  produced  in  the  upjHM* 
strata  fissures  and  transverse  cra<ks  which  were  filled  with  the  molten 
trap.     ThiH  injectioo  be  thought  was  probably  continued  during  a 
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long  period,  hut  all  referable  to  the  same  geolo^cal  epoch  and  anterior 
to  the  elevation  of  the  strata  in  which  it  occurred. 

After  the  deposition  and  injection  ceased  and  the  elevation  of  the 
present  continent  had  commenced,  denudation,  induced  by  a  northerly 
current,  set  in,  the  current  itself  being  due  to  the  flowing  off  of  the 
oceanic  waters  incidental  to  the  elevation  of  the  present  continent. 
Bv  this  denudation  the  soft  shales  and  other  materials  were  removed 
and  the  trap  ridges  developed.  Thus,  deposition,  intrusion,  uplift, 
and  erosion  were  all  included  within  a  single  epoch. 

Early  speculations  regarding  the  origin  of  the  earth,  though  largely 
fanciful,  were  founded  upon  the  brief  outline  of  a  series  of  events  as 
chronicled  in  the  tirst  chapter  of  Genesis.     Theories  regarding  earth 

development  and  its  probable  destiny  other  than  its 
Atmosphere  of  the     catastrophic  annihilation  throuffh  Divine  wrath,  as  a 

Coal  Period,  1844.  .   1  ^  .     1.    1  1 

punishment  for  sinful  man,  were  slow  to  appear. 
When  such  did  appear,  however,  they  were  founded  upon  a  much 
more  scientific  !)asis. 

That  a  mutual  reaction  was  going  on  constantly  between  the  super- 
ficial {)ortions  of  the  earth  and  its  surrounding  atmosphere  was  doubt- 
loss  realized  by  all  of  those  who  wrote  on  the  weathering  of  rock.s  and 
the  formation  of  soils;  !)ut.  so  far  as  known  to  the  present  writer,  IT.  I). 
KogcM's  was  one  of  the*  first  of  American  geologists  to  show  by  direct 
calculation  that  the  earth  had  been  in  the  past,  as  at  present,  rolibing 
the  atniosphcMe  of  some  of  its  constituent  part><  and  gradually  storing 
them  up  in  its  solid  crust.'' 

At  the  Washington  meeting  of  the  American  Association  of  Geolo- 
gists and  Naturalists  in  May,  1844,  Professor  Rogers  submitted  a  com- 
munication on  th(»  probable  constitution  of  the  atmosphere  at  theperio<l 
of  tUo  formation  of  the  coal,  lie  estimated  that  the  amount  of  carbon 
existing  in  tin*  atniospheio  to-day  in  th(»  form  of  carbonic  acid  would 
iM'only  sufKciont  to  furnish  through  vegetable  action  alK)ut 850,000, t.KX) 
tons  of  coal,  wliilo  the  probable  (piantity  of  this  substance  in  existence, 
ail  of  which  must  have  been  elaborated  from  the  ancient  atmosphere, 
was  nearlv  5,(100.000,000  tons:  that  is  to  sav,  about  six  times  what  the 
pres(»nt  atinos[)li(»re  would  produce.  So  great  a  reduction  in  the  car- 
bonic acid,  implying  a  corres[)on(iing  augment^ition  of  oxygen,  is  felt 
to  be  a  matter  of  great  interest  in  g(M)logy,  as  showing  that  every  iiuhH- 
tication  in  the  constitution  of  the  air  had  adapted  it  to  the  development 
of  animals  progressively  higher  in  th(»  scale*  of  organization. 

Of  all  the  New  Enghmd  States  V(M*mont  was  the  last  to  Iwcome 
infected  with  a  desire  for  a  tn'olojrical  survev.  and  it  was  not  until 


"  Vamixfin  in  ls*J7.  wliih^  coiiiUMtojl  witli  South  Carolina  Collcp*,  |M»int<'<l  out  the 
prol>al)U'  <  han^e  iu  th«*  atninsphfn*  chiriii;?  j;t*<>lo«ric  time  through  th«'  absorption  l)y 
the  earth  of  nitroireri  ari«l  «»xy^(*ri,  and  als<»  the  prohahility  of  a  warm.  moi<t  climate.'! 
during  th«*  pfrio«l  ni  coal  t'ormation.     (American  Journal  of  Science,  XII,  \H27.) 
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IH44  thst  the  tinal  nte}in  n'crti  taken  resulting;  in  the  Hp]M)iritiiient  of 
I'rof.  C  H.  AditiiiN  an  Stale  geolojfist.  AdaiiiH  wan  ednnitt'd  at  Phillips 
AcHdeniy  and  AiiiliHrst  Ooltt-jre.  mid  sulHciiiicntlv  iittorided  the  theo- 
lo^ieal  M'Diinary  at  tht;  last-naiiiod  placi'.  In  lK3t>  he 
fay'J^SM^'Sr^  Ijecame  a  tutor  at  Aiidicrst  and  for  a  lirief  period  wfts 
HisKMtant  to  Professor  Hltt-hifH-k  in  hit)  work  on  the 
geol<^i«tl  Hurvey  of  New  York.  When  appointed  Statft  geolo(jist  of 
Vermont  he  nelevted  Xa(l4>ck  Thompson  as  his  thief  lissistant,  Oeiiison 
Ohii»t«d,  jr.,  and  later  T.  St«'rry  Hunt  aitiiny  iu  mineralogy  and  chem- 
istry. Rev.  S.  K.  Hall,  of  Craftsljury,  was  employe<l  to  look  after 
the  agrieultural  features.  Up  to  March,  iMs,  the  survey  continued 
in  a  fairly  prosperous  <'<mdition,  a  large  amount  of  material  iK'ing  col- 
lected. Iioth  in  the  way  of  specimens  and  notes,  Init  at  the  session  of 
the  legislature  for  this  year  appropriations  were  ftu-  some  reason  with- 
held and  the  work  stopped.  Four  reiM>rt'i  in  all  were  issue<i,  the  laat 
a  mere  pamphlet  of  eight  i»ges. 

The  purpose  of  the  survey,  as  stated  in  ' " 

the  first  report,  was  to  collect  and  analyze 
the  soil,  the  simple  minerals,  l>oth  of  eco- 
nomic and  s«'ientilic  im)M>rtance,  and  to 
make  investigations  into  the  cluuiu-ter  aii<l 
limits  of  the  geological  formations.  The 
reports  on  the  whole  wen-  extiTun'ly  fnig- 
nientary.  I>octor  A<lams  <lying  In-fore  the 
mana-icnpt  of  tlic  final  rejiort  was  pre- 
pared, a  large  part  of  his  work  was  lost, 
this  mainly  owing  to  the  fad  that  he  look 
bis  notes  in  a  "{x'culiar  shorthand,  which 

only  he  could  read."    Assngg<;sted  liy  I'ro-        Fii,.s6.-rh«ri.f.it.ii!irAiiiiiiiii. 
fessor  Thoni[>s(>ii,  it  would  have  reijuired 
more  ial>or  to  decipher  his  notes  than  to  go  over  the  griamd  anew. 

The  second  aumial  report  was  prepared-as  was  n<it  infnviuenlly 
the  case  at  that  date-  -in  the  form  of  a  general  livalise  on  geology, 
and  l>egan  with  an  elenn'ntary  chapter  which  ilealt  with  all  -iulijeet-s 
relating  to  geological  phenonn'iia.  whether  a{i)>licalile  Ui  the  State  or 
not.  The  views  advann-d  were  llin«4>  given  liy  the  te\t-lK>oks  i)f  the 
]ieriod  ami  need  not  Ih-  nientioin'd  in  detail,  .^n  ideal  section  from 
the  first  report  is,  however.  n'priKlucrtl  here  as  illuslmting  equally 
well  the  rough  method  of  picture  making  with  which  the  early  work- 
ers had  to  content  themsi-lves  and  the  crudity  of  idea^^  relative  to  the 
earth's  crust  and  int^'rior.  He  would,  indeed,  Iw  reganled'as  a  novice 
in  gi'ology  to-day  who  would  not  at  lir>I  glaiiee  inijuire  what  sii|>|Nirted 
the  ma^M  of  solid  niulerial  represented  a-  re:<tiiig  n|HiM  the  molten  lava, 
yet  this  tjuextion  d<M's  not  mh-ui  at  this  time  in  hase  even  presented 
ittelf  for  coiMtderation.     A  little  s|iace  was  dev<>te<l  to  the  suhject  of 
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'  the  connection  between  geology  nnd  the  Bible,  to  meet  the  wants  of 
the  "many  well-meaning  persons"  who  were  disturbed  by  a  supposed 
incongruity  between  the  principles  of  geology  and  the  Mosaic  narra- 
tive. A  very  abstruse  explanation  of  concretionary  structures  wbs 
offered,  Adams  failing,  as  did  many  of  his  contemporaries,  to  discrimi- 
nate between  concretionary  structure  as  it  is  now  understood,  and  cer- 
tain forms  asijumed  by  igneous  rocks  and  due  to  contraction  in  cooling. 
Thus  he  consitlered  columnar  structure  in  basaltic  rocks  as  a  peculiar 
form  of  concretion  which  was  due  to  lateral  pressure  such  as  might 
exist  between  spheres  compressed  at  the  sides. 

Agassiz's  gla4.'iul  theories  liad  been  apparently  without  effect,  eveo  if 
thej-  were  known,  and  icebergs  were  considered  as  sufficient  to  account 
for  all  the  phenomena  of  the  drift. 
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III  1«47,  the  year  befure  the  (lowing  of  the  survey,  Adams  had 
accepted  a  professorsliip  at  Amherst,  and  in  1853,  in  conjunction  with 
Alonzo  (iiiiy,  published  as  u  text-lwok  an  Klenients  of  (jeol<^y,  a 
diiodecimii  vtilumo  of  330  pages.  Here  his  geological  work  seems  to 
have  ccjLscd.  Indeed,  from  the  date  of  the  abandonment  of  the  State 
mirvey  he  devoted  himself  mainly  to  zoology,  and  particularly  to 
conchology,  making  large  colleotions  especially  rich  in  West  Indian 
anil  Central  American  f<irms.  While  at  St.  Thomas,  on  one  of  his 
collecting  trips,  he  coiitraited  yell()w  fever,  fi-oni  which  he  died  in 
l.s,')3.  He  is  descriljed  as  a  man  of  sturdy  build,  medium  height,  with 
large,  black  eyes  and  black  hair.  A  man  of  tremendous  physical 
endunin<-e,  knowing  iii-ithcr  fear  nor  what  it  was  to  Iw  tired;  but, 
withal,  a  quiet  and  s<'lf-coiitained  demeanor. 

Thompson.  Adams's  chief  assistant,  is  represented  to  us  as  a  man 
IKwir  in  this  world's  goods  as  well  as  in  geiienil  health,  and  modest 
almost  lo  a  fault  -one  who  from  childhood  had  shown  a  paiision  for 
writing  l>ooks.  His  first  piiblications  were  ulmaiiacs,  which  he  him- 
self sold  while  traveling  on  foot  about  the  country.      It  is  told  of  him 
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that  when  at  one  time  interrupted  by  his  olerk  with  an  inquiry  a.a  tu 
the  prediction  that  should  he  made  in  the  forthcoming  i:i»ue  for  the 
weather  for  July,  he  replied  somewhat  testily,  "Say 
skMChoiZadaek  'gnow  about  this  time.""  So  it  stood  in  the  printed 
almanacs,  as  issued  from  the  presy.  and,  to  the  aston- 
ishment of  all,  including  both  printer  and  author,  snow  did  fall  in 
Vermont  that  year  in  the  month  of  July. 

The  industry  of  the  man  was  remarkable.  He  graduated  from  the 
University  of  Vermont  at  the  age  of  27.  He  published  an  arithme- 
tic, age(^raphy  and  map  of  Canada  for  use  in  the  common  scbool:^; 
became  in  1832  editor  of  the  Green  Mountain 
Repository;  wrote  a  history  of  Vermont, 
which  appeared  the.-«me  year;  studied  theol- 
ogy, and  took  deat'on's  orders  in  the  Protes- 
tant Episcopal  Church  in  1M36.  He  preached 
for  a  time  and  returned  once  more  to  his 
hook  writing,  first  puhlishing  in  three  vol- 
umes a  Natural. Civil,  and  Statistical  History 
of  Vermont;  then  a  text-lKM)k  on  the  (ieoj- 
ogj-  and  Cieojjraphy  of  Vermont;  iiiiHlly 
becoming  an  assistant  to  Pr()fes.sor  Adams 
on  the  State  survey  in  1H45,  when  his  jrcn- 
logical  work  rttally  liegan. 

"Tall,  angular,  of  a  very  ipiiet  and  sedati-. 
yet  very  pleasant,  manner,  a  man  of  most 

amiable  and  sweet  temper,  loved  by  all  who  knew  him,  and  respeetwi  for 
his  sound  sense  and  a<Turate  judgment."  Such  is  the  pii-ture  given  us 
of  him,  who  certainly  was  one  of  the  most  remarkable  men  of  his  tunes 
although  his  name  may  not  stand  the  highest  in  the  annuls  of  geology. 

Under  the  i^ption  of  "  Description  of  a  singular  case  of  dispersion 
of  blocks  of  stone  comiectctl  with  the  drift  in  Berk.shire  County, 
MaxsachuitettA,"  Dr.  l-ilward  Hit*hcock  descriU-d  in  the  American 
„„j^^^..  Journal  of  Science  for  1845  a  remarkable  train  of  ghi- 

BtikmuitnimMm  ""''*'  'wwldeix  extending  fnmi  Kry's  IHtl  in  llio  Canaan 
Tnia.  iMi.  Mountains,  of  New  V<irk.  .southea-stcrly  into  .Massa- 

chusetts for  a  distance  of  simie  15  <»r  -JO  miles. 

The  litbulogical  nature  of  the  )H>wldcrs  was  .such  that  they  could  all 
)»e  traced  to  a  common  source,  though  described  as  forming  three 
somewhat  meandering  trains  e.\t4<iiding  from  Fry's  Hill  above  men- 
tioned, through  the  adjoining  valley,  anil  upward  over  an  elevation  of 
FMN)  feet  at  the  State  line,  across  the  Uichmond  Valley  and  over  Len- 
nox Mountain.  tiu<J  fe<>t  in  height,  to  and  over  Itcartowu  Mountain. 
l,<)UtJ  feet  in  height. 

Naturally,  so  striking  a  phenomenon  excited  investigation,  and, 
naturally,  too.  Doctor  Hitchcock,  in  the  then  existing  condition  of 
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kiiuwiedgc  reyurditiy jjlHcial  triinsjwutjition,  found  difficult y  in  Hci-ount- 
iiig  for  the  Hatne.  He  ret-ogriized  the  :>iiuilurtty  of  the  trains  to  the 
lateral  glacial  moraines  destrrilH'd  by  A^s^iz  in  his  Eindnn  vvr  h-t  Gin- 
clerny  which  had  appeared  ti\e  years  preiiously,  hut  could  not  con- 
ceive of  a  glacier  traveling  directly  across  the  intervening  ridges, even 
were  the  mounttiins  in  the  vicinity  of  sufficient  altitude  to  give  rise  to 
the  same.  Neither  did  the  consideration  of  river  drift  or  floating  ice 
afford  him  a  satisfactory 
conchisioi).  "  In  uhort, 
I  find  so  many  ditEcul- 
ties  on  any  supposition 
which  I  may  make  that 
1  prefer  to  leave  the  case 
unexplained  until  more 
analogous  facts  have 
been  observed." 
E    j  ,k  jj-s  /  ,11       _  i^  \  Unsatisfactory  and  ap- 

"    I/r   /  ,',  r"     I  ■  /J  \        parently  unimportantas 

'fcff/^  i'  ^C.       ri  (^  the  paper  may,  at  tirst 

.jnf^  J^jSfcj^l'      ft  -~^S3  thought,  seem,  it  ismen- 

I  '■■'9  M^If'    -.I''^'^^     (3  ti'onod  here  on  actM^unt 

of  the  extraordinary  ex- 
planation of  the  phe- 
nomenon offered  l»y  the 
Rogers  brothers  three 
years  later  {see  p.  4o3). 
I n  the  American .lour- 
nul  of  Science  for  1«45 
\V.  W.  Mather,  whose 
work  in  New  Vork  and 
Ohio  has  Iwen  already 
mentioned,  published  a 

'■" ""    " "  pn|>cr  on   the   physical 

geogmphy  of  the  I'uilid  Stales  in  which  he  still  further  elaborated 
some  of  tlie  intercsring  and  nitlier  nniijue  ideas  legiirdirig  the  origin 
Matherontiw  ""^  ''"'  secondary  rocks  and  the  elevati<)n  of  islands, 

ihiriuSi.SstMS'''  '-ontincnts,  and  mountain  chains  which  he  there  put 
'**'■  forlh.     These  may  Ih>  referred  to  in  considerable  detail. 

Mather  again  argued  on  the  Iwisis  that  the  earth  is  a  co<iling  lK)dy, 
contracting,  and  hence  undeigoing  an  increased  velocity  of  rotation 
upon  its  axis.  The  iiblatcness  of  its  spheroidal  form,  due  to  the 
increase  of  centrifugal  force,  would  therefore  induce  a  tiow  of  water 
from  the  polar  to  the  tropictil  region.-*,  and  as  the  earth  revolved  from 
west  to  east  these  currents  from  the  jkjIcs  would  liend  more  and  more 
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to  the  westward  as  they  advanced  to  l<)W(»j'  latitudes.  On  the  other 
Imnd,  the  water  in  the  Tropics,  lK»iiij^  jifradiially  expanded  througli 
heat,  would  tend  to  flow  otf  tx^ward  the  polar  rejjfions. 

These  currents  he  regarded  as  having  acted  throughout  all  the  time 
since  the  ocean  oi*cupied  its  present  hed,  and  to  them  he  would  ascribe 
the  mechanical  distribution  of  many  of  the  sediments  making  up  the 
Secondary  rocks.  Considering  only  those  currents  that  constitute  the 
Equatorial,  the  Gulf  Stream,  and  the  Labrador  Current  in  the  Atlantic, 
he  thought  to  show  that  the  materials  constituting  the  immense  mass 
of  sedimentary  rocks  l)etween  the  primary  ranges  north  of  the  Great 
Lakes  and  the  (lulf  of  Mexico,  and  between  the  Blue  Uidge  and  the 
Rocky  Mountains,  were  deposited  within  the  great  eddy  due  to  their 
interference. 

The  red  sandstone  formations  extending  from  Carolina  to  Stonv 
Point  on  the  Hudson  he  believed  to  have  been  formed  through  the 
transporting  power  of  the  Gulf  Stream,  its  northward  extension  hav- 
ing l>een  cut  off  by  a  polar  current  flowing  through  the  Champlain 
and  Hudson  River  vallevs.  The  looselv  consolidated  material  now 
classed  as  glacial  drift  he  seemed  also  to  regard  as  having  l)een  trans- 
jK>rted  and  dejK)sited  through  the  sjime  agency.  The  coal  l>edsof  the 
«»astern  and  central  portions  of  the  Tnited  St4ites  he  regarded  as  formed 
at  the  lM)ttoni  of  the  (M'ean  in  which  great  eddies  ot-curred,  and  where 
plants  brought  from  the  Tropics  and  other  sources  would  float  and  circle 
alwut  until  they  sank.  He  noted  that  these  beds  were  bas(»d  upon  a 
sandstone  which  at  the  outcrop  of  its  edg(»s  on  the  coal  basins  was 
much  coai'ser  and  sometimes  a  conglomenite  or  coarse  pudding  stone, 
while  through  the  center  of  the  basins  it  was  much  Hner.  This  fa<*t 
denoted  to  his  mind  a  stronger  current  on  the  exterior  of  the  coal  basins 
than  within  its  area. 

Conc*erning  the  regions  over  which  the  jK)lar  currents  were  supposed 
to  have  flown,  and  from  whence,  as  a  consequence,  were  derivi^l  the 
materials  for  the  sedimentarv  ro<ks,  he  could  sav  little  from  actual 
ol>seiTation.  Drawing  for  his  materials  mainly  on  the  writings  of 
travelers,  though  acknowledging  that  such  might  be  faulty,  he  nevcM- 
theless  pictured  a  scene  of  barrenness  of  the  entire  region  north  of  the 
St.  Lawrence  and  (in»at  Lakes  an<l  from  Newfoundland  to  the  Sti)nv 

• 

.Mountains  such  as  is  Cipmled  only  by  that  given  by  II.  II.  Ilayden  in 
his  attempt  to  account  for  the  dej)osits  of  the  coastal  plain  (p.  :i^ti\). 

Altboti|;h  the(|tiotiitiofU4  from  travrltTs  lack  that  accurate (*xaiiiiimtioii  that  ih  iuh*- 
eiwBry  to  a  deteniiifiati(»n  wlictlicr  the  f<urtace.»*  thus  «1»xtiUhI  have  Ikm-ii  i'X|M»j*e<l  to 
theftction  of  violent  and  h>;i>rMnntiriue<l  curnMit.**,  yet  they  have  their  weiirht.  When 
ronniderwl  in  conne<iion  with  the  ♦•ffeets  of  known  phyj-ieal  eau^H's,  it  it*  rendennl 
more  than  proljuble  that  the  «Mirrerit.*<  under  eon«<ideration  have  flowed  from  the 
|w»lar  regionj«  towanl  the  e<{nator  and  frnm  the  Tropics  toward  the  iMde^'  when  ttiiM 
c<>ntinent  waf*  tieneath  the  (x*ean,  and  that  the  matter  which  com|M»H«'4l  the  deiMinitH 
ut  the  MMliuientary  rocka  of  the  Tnitc^l  Stat<^  wa>  wa>>h(*«l  away  l>y  the»4e  >(reat  iH|ui- 
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libriating  currents  from  the  bed  of  the  ocean,  from  reefs,  islands,  and  coasts,  and 
finally  deposited  from  suspension  over  tlie  great  area  where  we  now  find  it  exposed 
to  observation. 

The  probable  cause  of  the  elevation  of  the  land  he  thought  to  be 
secular  refrigeration  accompanied  by  contraction,  whereby  a  gradually 
accumulating  tension  was  finally  overcome  by  a  3'ielding  of  the  solid 
strata,  such  being  regarded  as  parox\'smal  and  productive  of  eaith- 
quakes.  At  the  same  time  a  sudden  increase  of  the  velocity  of  the 
earth's  rotation  would  result,  and  this  in  turn  would  increase  the  flow 
of  the  ocean  currents  above  mentioned. 

In  attempting  to  account  for  the  overturned  character  of  the  folds 
in  the  mountain  chains  of  the  eastern  United  States,  he  seems  to  have 
actually  outdone  the  Rogers  brothers  in  fecundity  of  ideas.     He  wrote: 

Paroxysmal  elevation  and  the  action  of  inertia  offer  a  satisfactory  explanation  of 
the  folde<^l  axes  and  eastward ly  dip.  Suppose  the  sudden  elevation  of  a  mountain 
mass  one  mile  in  heij^ht,  or  more  distant  from  the  axis  of  rotation  than  it  was  l>efore 
its  elevation.  It  would  still  retain  the  linear  velocity  it  had  when  a  mile  nearer  the 
axis  of  rotation,  while  the  proper  linear  velocity  at  this  increased  distance  would  \ye 
■'  IV  '  "dies,  or  690  feet  greater  |)er  hour  than  that  which  it  had  before  its  elevation. 
Inertia  would  therefore  cause  the  mass  at  the  top  to  press  to  the  westward  with  a 
force  pro|K>rtional  to  its  mass  and  the  alx>ve-mcntioned  vdoc^ity,  and  at  intermediate 
heights  with  a  proj>ortionally  less  momentum.  If  the  strata  1^  capable  of  yielding, 
they  must,  when  elevated  in  liighly  curve<l  wrinkles,  tend  to  fall  over  westwani  as  a 
conse(juen<e  of  the  influence  of  inertia  and  the  revolution  of  the  earth  from  west  to 
east  on  its  axis. 

Such  a  view  from  a  man  of  Mather's  training  and  at  this  late  date 
certainly  seems  extraordinary. 

Commenting  further  on  the  effects  of  centrifugal  force,  particular!}' 
upon  bodies  of  different  densities,  he  argued  that  as  such  is  greatest 
under  the  equator,  any  subterranean  force  tending  to  elevate  portions 
of  the  earth's  surface  bv  their  elastic  tension  would  here  be  most 
effective.  In  this  way  he  would  account  for  the  supposed  fact  that 
most  of  the  highest  mountains  are  found  within  the  Tropics.  Reason- 
ing along  the  same  lines,  he  conceived  it  possible  that  fractures  might 
be  expected  to  develop  in  the  direction  of  circles  parallel  to  the  equator 
at  a  distance  intermediate  between  it  and  the  poles,  where  the  curva- 
ture resulting  from  the  revolution  of  the  earth  would  be  greatest. 

In  continuation  of  his  work  begun  in  1832.  T.  A.  Conrad  in  1845  issued 
his  volume  on  the  Medial  Tertiary  formalions,  the  general  plan  of  the 
work  conforming  closely  to  those  which  we  have  already  considered 

(pp.  8<H>,  :32(),  and  354).     In  this  latter  work  he  de- 

Connid'9  Medial  ''..       ,     '  -  .  ,      ,.  . 

Tertiary  of  North       scrihoa  thcse  formations  as  occupvintr  a  shallow  but 

America,  1845.  .  ,  •         •         1       y  1  *  11 

very  extensive  depression  in  the  Cretaceous  ro<»ks,  the 
most  northern  locality  known  being  Cumberland  County,  New  Jersey, 
w^hence  it  extended  southward  in  a  very  connected  series,  spreading 
out  over  a  large  portion  of  the  Atlantic  sealx)ard. 
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The  nature  of  the  countrv,  its  strata,  and  fossils  were  described  in 
detail.  The  most  interesting  part  of  the  paper,  from  our  stand^wint, 
lies  in  his  remarks  on  the  theory  of  elevation  and  tlie  age  of  the 
deposits.  He  regai*ded  the  formation  of  each  Tertiary  division  and 
the  final  annihilation  of  its  fauna  as  a  ver^'  gradual  operation,  taking 
place  in  quiescent  waters  and  having  no  connection  with  volcanic 
agencies  or  any  violent  movements  of  the  earth's  crust,  but  merely 
depending  on  changes  of  temperature. 

In  discussing  the  effects  of  these  temperature  changes  he  showed 
some  j)eculiar  ideas  regarding  the  conductivity  of  rock  masses  and  the 
effects  of  cooling.  The  cold  penetrating  deep  into  the  igneous  rocks 
iKMieath  the  surface,  he  thought,  would  result  in  a  UMiximum  amount 
of  crystal  I  iziition  and  exjmnsion,"  producing  thereby  a  slight  eleva- 
tion of  the  crust.  Since  the  cold  j>enetrated  gradually,  he  argued  that 
the  elevation  would  also  be  gradual,  more  appnn'iable,  of  course,  dur- 
ing epochs  of  unusual  cold.  In  brief,  (^rustal  elevation,  he  would 
have  us  lielieve,  was  induced  not  by  volcanic  agency,  luit  by  "the  all- 
powerful  and  pervading  influence  of  crystiillization  in  the  primary 
rocks."'  In  this  he  followed  what  he  calls  the  ''\sublime''  theorv 
advanced  by  Vanuxem.  The  idea  that  the  abrupt  change  in  the  char- 
acter of  the  animal  life  at  the  close  of  each  geological  epo<'h  b}^  a  sud- 
den fall  of  tempi»rature  was,  however,  avowedly  the  theory  of  Agassiz. 

In  connection  with  work  |)ertaining  to  the  Lil^rian  Colonization 
Society,  in  1845-1848,  David  Christy  traveled  extensively  throughout 
the  eastern  and  middle  United  States.  Being  a  man  of  active  mind 
David  Christy**  and  with  a  love  for  the  sciences,  he  made  many  geo- 
oS!tirCmUtmB,  logical  observations  which  were  first  embodi(»d  in  a 

series  of  letters  to  Dr.  »lohn  Locke  and  published  in 
the  Cincinnati  Gazette.  These  were  aft(»rwards  issued  (in  1S48)  in 
pamphlet  form,  some  70  pages,  with  5  plates  of  fossils  and  three  geo- 
logical sections:  the  first  from  Mine  I^a  Motte  and  Pilotknob,  Mis- 
souri, to  Hollidaysburg,  Pennsylvania;  the  S(»cond  from  I^ike  Krie  to 
Fensacola  Bay,  and  the  third  from  Richmond,  Indiana,  through 
Oxford,  Ohio,  to  Beans  Station,  Tennessee. 

It  is  impossible  to  say  what  portion  of  the  information  given  in 
these  letters  can  I)e  claimed  to  Ik»  strictly  the  result  of  original  inves- 
tigation or  obsc»rvation.  As  stated  by  I^)cke  in  his  introductory  note, 
he  ''referred  the  geological  formations  to  the  Blue  Limestone  of  Cin- 
<*innati  as  a  kind  of  zero,  informing  us  whether  the  rocks  at  any  place 
are  alxive  or  lielow  that  zero."  I^>cke  further  states  that  h«»  knew  of 
••no  other  individual  who  has  actually  <lrawn  approximate  secti<ms  of 
the  strata  from  the  Atlantic  to  Iowa  and  from  I^ake  Krie  to  the  (lulf 
of  .Mexico;  most  of  this  work  being  the  result  of  his  own  o}>servations/' 

In  a  letter  addressed  to  M.  de  Verneuil   in    1^47.   relativi'  to  tin* 


"  \f>  «  iiiiitt«*r  of  fmct,  cryxtalliziitutii  in  a  nnk  ma^riiH  wmiM  n*t(ult  in  rontnirtion. 
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en-atic  rocks  of  North  America,  Christy  showed  himself  to  have  been 
a  catastrophiMi.  He  believed  that  there  had  been  two  periods  of  ele- 
vation of  the  land  in  the  history  of  the  continent,  with  an  interveoiDf 
suhniergeiK-e,  The  st^'oiid  and  lant  emergence  he  regarded  as  having 
been  rapid  and  to  have  given  riMe  to  the  swift  currents  which  were 
instrumental  in  i>roducing  the  drift. 

In  the  spring  of  1S46,  A.  Wislizcnur..  a  "(lerman  hy  birth  and  ao 
American  by  chiiice,"  left  St.  Ijouis,  Missouri,  with  the  intention  of 
making  a  tour  thnmgh  northern  New  Mexico  and  npper  California 
for  Ihc  purpose  of  examining  into  the  geography  and 
eipiontiaiM In  general  uatunil  history  ()f  the  country.  l^nfortH- 
nately  for  his  intentions,  war  iH-twcen  the  Unit«i 
States  and  Mexico  broke  out  wliile  he  was  within  the  jurisdiction  of 
the  Mexican  (iovernment.  and  he  was  e(iHi|)elled  Ui  remain  within  tlip 
State  of  Chihuahua  for  a  i^eriod  of  six  months  or  until  the  arrival  of 
the  Anicrican  troojts,  when  he  accepted  h 
position  in  the  medical  department  and  re- 
tuined  witli  it  by  way  of  Monterey  to  the 
States. 

His  opportunities  for  ol>servation  werv. 
niilurally,  nmch  less  than  was  at  first  antici- 
l>ated,  and  his  gcologit'al  report,  amounting 
to  but  live  pages,  was  published  as  a  part  of 
Senate  Miscellaneous  Document  No.  2()  of 
Ihe  t liirt let h  Congress,  first  session.  In  this 
report  he  noted  that  the  bhitf.son  the  Arkan- 
Mis  sonic  :U1  iniicsfroui  Independence  wen' 
of  a  grayish  conglomerate  limestone.  c<m- 
tiiining  fossil-  wtiicli  "■seemed  to  lielong  U< 
tlic  Crrliiccciiis  fiiruialion."  Near  I^as  Ve- 
limeslone  with  <-iisls  of  /,i.«;-r.fmu^,  which 


dnrk  bhi< 


■ries.  Near  KI  Paso  he  noted 
ic  fossil  <-oral  Culuiinijuira  and 

,  whicli,  as  a  consequem-e.  lie 
I  fonniilion.  The  presence  of 
Hid  iin  <iiitline  map  published. 
icks  WHS  indicated.     The  map, 

lying  lietween  the  Arkaiisa." 
I  south  and  west  of  the  latter 

The  line  sill-like  character  of  the  superficial  deposit" 
^'S«.'"'     "I"  •!"■  Mi-^sissi|)|)i  Aiill.'v  had  fre.[iiently  been  noted  by 

tlic  \iiHoiis  ge.iliigisls  who  piis.-cd  over  the  region,  but 
lined  fni-Anio-  Kinney.  llic.'..iich<.l..gi,t.  (ogive  the  tirst  rea- 
r  siilisfintury  iii-ciiiiiit  cif  il-  |u-nli;iMi' origin.     At  a  meeting  of 


w.TC  iUso  n 

.-^.i.t.-.i  t.i  tl..-  Cr.-t.i.-.-.....-. 

tin-  i.rrsrnct 

.if  ].  lii.i.-st.ii it..i..ii.^ 

til,-  liin.lv.- 
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ii.»lii.-l.  tl.i 

litli..l.i^ri.-:il  ...tti.r.- ..r  tl..- 

it  sl.uiild  U 

ii..t.-.l.  .•.i.iii.i-lM-il  111.-  a.-. 
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the  Boston  Society  of  Natural  Histoiy  in  April,  1846,  Binney  exhibited 
a  collection  of  fossil  shells  from  the  so-called  Bhitf  formation  at 
Natchez,  on  the  Mississippi,  and  announced  the  belief  that  the  forma- 
tion was  analogous  to  the  Loess  of  the  Khine  Valley  and  a  result  of 
fluviatile  action  i-ather  than  attributable  to  the  glacial  drift. 

In  1847  J.  D.  Dana,  who  from  the  beginning  of  his  career  had  shown 
a  disposition  and  a})ility  to  gnisp  the  broader,  more  profound  ques- 
tions of  geology,  cAme  forward  with  two  papers  which  were  beyond 

(luestion  the  most  important  of  the  vear.  The  first  of 
Oeotofkai RcMiiu off  thcsc  had  to  deal  with  the  geological  results  of   the 

the  Earth's  .,  ^i*  i 

ContnKTtioii  and  the   eurth  s    contmction    in    conseciuence   of   coonntr    and 

Grand  OntJiiie  i        i    .i  ^   ..  i  .  i.    ,  ... 

Fcaturcf  of  the  mvolvcd  the  acceptation  on  his  part  of  the  prevailinir 

Earth    1A47  sr  i  r* 

theory  that  the  earth  was  once  in  a  condition  of  igne- 
ous fluidity.  After  a  full  discussion  of  the  subject  and  the  views  held 
bv  others,  Dana  announced  it  as  his  belief  that  the  now  oceanic  areas 
were  at  one  time  the  most  intensely  heated  jwrtions  of  the  crust,  and 
had,  therefore,  on  cooling  undergone  the  greatest  amount  of  contrac- 
tion, and  that,  further,  the  mountain  ranges  and  main  fissures  along 
the  oceanic  lx)rders  are  due  to  this  same  contmction.  Such  a  theoiy, 
he  felt,  did  away  with  the  almost  preposterous  though  prevalent  idea 
that  continents  and  mountains  have  Ijeen  lifted  up  b\'  a  force  acting 
from  })eneath,  a  force  which  could  not  be  satisfactorilv  located  and 
accounted  for;  a  theorv  which  would  not  account  for  the  mountains 

ft- 

retaining  their  positions,  even  did  it  offer  satisfactory  explanation  for 
their  first  production. 

He  showed,  further,  that  the  folding  and  faulting  of  the  strata  as 
de>iTil)ed  by  the  Rogers  })roth(*rs  in  Virginia  and  Pennsylvania  could 
be  readily  ac<ount€d  for  on  the  theorv  of  a  force  acting  laterally,  and 
that  such  folds  would  have  their  stee|M\^t  incline  on  the  side  farthc^st 
f  1*0111  the  source  of  movement  and  would  also  be  most  abrupt  nearest 
this  s<jurce.  Tin*  fact  that  such  results  were  not  in  all  cases  uniform, 
hv  conceived  as  l)eing  due  to  variation  in  the  thickness  of  the  beds,  to 
H  want  of  uniformity  in  the  mat4'rials,  and  ine(|uality  in  the  action  of 
the  fon*e  upon  the  different  imrts  of  the  line  along  which  it  operated. 

The  geological  ejM)chs  were  n^garded,  as  announced  in  this  same 
paper,  as  perhaps  due  to  the  alternation  of  prolonged  periods  of  quiet 
with  those  of  more  or  less  abrupt  change,  due  to  contraction.  The 
idea  that  mountains  might  be  produced  by  tides  and  paro.xysmal  move- 
ments lieneath  the  crust  (as  advocat4»d  by  II.  D.  Rogers)  was  set  aside 
on  the  ground  that  such  should  hav<»  occurred  at  earlier  |M»riods,  and, 
further,  it  wcmld  not  account  for  the  principal  ranges  in  the  east  and 
west  of  the  continent.  In  maiiv  of  the  views  he  here  advanced  Dana 
agreed  with  those  piwiously  advanced  by  the  Frc»rieh  geologist  I'revost. 

In  the  stH'ond  |)a|MM'  referred  t<»,  <»n  the  (irand  Outline  Features  of 
the  F^irth,  Dana  argueil  *Mhat  the  great  chain  of  mountains,  as  wi'll  as 
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of  islands,  arc  interrupted  ranges  consisting  of  overlapping  lines^ 
either  straight  or  curved,  and  that  curves  constitute  an  essential  feature 
of  the  system."  He  showed  that  throughout  the  system  of  outlines 
presented  by  the  e^irth  northwest  and  northeast  lines  are  prevalent, 
and  that  these  lines  are  usually  curved,  instead  of  conforming  to  the 
direction  of  a  great  circle.  He  apparently  accepted  the  theory  that 
the  course  of  mountain  ranges,  islands,  and  coast  lines  is  attributable 
to  the  courses  of  former  fissures  in  the  earth's  surface,  and,  in  discuss- 
ing the  electrical,  contractional,  and  other  theoretical  caus<*s,  sugge8ted 
that  if,  as  claimed,  curves  of  magnetic  intensity  on  the  earth's  surface 
are  approximately  isothermal  lines,  they  nmst  also  l>e  lines  of  equal 
cooling  and  hence  of  equal  contraction  and  tension.  But  whatever 
may  have  l>een  the  origin  of  the  fissures,  he  thought  there  cx)uld  be  no 
doubt  but  that  a  kitul  of  cleavage  structure,  or  at  least  capability  of 
fracturing  etisily  in  two  directions,  was  given  the  crust  during  its 
formation. 

The  conclusions  which  api)ear  to  How  from  the  fact*?  that  have  been  presented  are 
as  foUows: 

That  the  ^'neral  direction  and  uniformity  of  the  grand  outline  features  of  the  globe 
may  be  in  a  ^^reat  <lejfree  the  simple  effects  of  the  earth's  cooling,  this  operation 
resultinjr  in  (1)  stilidification,  and  under  the  circumstances,  whatever  they  were,  an 
attendant  jointe<l  structure  or  ('oursos  of  easiest  fracture,  \n  two  directions  nearly  at 
right  angles  with  one  another,  both  varying  according  t(»  the  rates  of  cooling  in  dif- 
ferent parts;  an<l  (2)  occasioning  tension  in  the  crust  through  the  iK>ntraction  going 
on  l)eneath,  with  S4»me  relation  t4)  circular  areas,  but  especially  to  large  compoand 
areas,  which  tension  caused  ruptures  conforming  or  not  to  the  lines  of  jointed  struc- 
ture according  as  the  force  of  tension  acted  in  accordance  with  this  structure  or 
oblicjuely  to  it.  (.'J)  The  age  of  mountains  can  not,  therefore,  l)e  determined  neces- 
sarily by  their  coun^es;  a  different  <lircction  in  a  particular  region  in  different  ages  is 
not  improbable,  since  the  same  contracting  area  might  exert  its  horizontal  force  in 
somewhat  diffi-rcnt  directions  at  different  epochs,  or  other  such  areas  might  cooperate 
and  exert  a  m(»difying  influence;  and  at  the  same  time  an  i^lentity  of  direction  for 
^lifferent  ages  was  to  have  l)een  expecte<l. 

Prof.  James  I).  Dana  was  born  in  Utica,  Now  York,  in  1813,  and  was, 
therefc)n\  practically  contemporant^ous  with  James  Hall.  He  became  a 
student  of  Professor  Silliman's  in  1880  at  Yale  College,  leaving  in  1833, 

somewhat  in  advance  of  gmduation,  to  avail  himself 
Sketch  of  J.  D.  Dana,  of  an  otfor  to  cruise  in  the  Mediterranean,  as  instructor 

in  mathematics  to  the  midshipmen  in  the  Navy. 

Th(»  first  paper  in  his  bibli()gra])hy  was  published  in  1835  and  gave 
an  account  of  Vesuvius  as  seen  by  him  during  this  trip  in  1834.  In 
IMi)  he  returned  to  New  Haven,  remaining  for  two  years,  the  latter 
part  of  the  time  as  assistant  to  Professor  Silliman.  It  was  during  this 
time,  scarcely  foiu*  years  after  his  graduation  and  when  but  twenty- 
four  years  of  age,  that  he  brought  out  his  first  System  of  Mineralogy, 
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tt  volume  of  580  pages,  and  u  most  remarkable  work  for  the  tim*!  and 
the  conditioDH." 

From  1831>  to  1842  Professor  Dana  served  aa  geologist  and  niiuemlo- 
gist  on  the  Wilkea  Exploring  Expedition,  and  for  the  first  thirteen 
years  after  his  return  devoted  his  chief  energies  to  the  stndy  of  the 
material  collected  on  the  expedition  and  to  the  pn^paration  of  his 
reports,  of  which  two— the  volume  on  geology,  750  pages,  5  maps, 
and  21  plat«s  {184it),  and  the  one  on  crustaceans,  l,()2il  pages,  with  an 
atlas  of  96  plates  (1854)— are  monumental.  His  lahors,  however,  were 
not  limited  to  the  report",  for  during  the  same  period  he  prepared  and 
issued  three  editions  of  the  System  of  Mineralogy  (1844,  1850,  1^54) 
and  two  editions  of  the  Manual  of  Geology  (1S48,  1857),  Iwsides  writ- 
ing numerous  papers  for  scientific  periodicals. 

In  1846  Mr.  Dana  l>ecame  an  editor  of  the  American  Journal  of 
Science,  associated  with  Prof.  Benjamhi  Silliman,  who  had  founded  it 
wenty-eight  years  l>efore.  His  labors  in 
connection  with  the  Journal  continued  until 
the  close  of  his  life.  In  I860  he  was  ap- 
pointed professor  of  natural  history  in  Vale 
College,  and  in  1K64  the  title  was  changed 
to  that  of  professor  of  geology  and  miner- 
alogy. His  duties  as  instructor,  however, 
he  did  not  take  up  until  Ih55,  hut  after  lliis 
date,  with  some  interruptions  due  to  ill 
health,  his  active  connection  with  the  college 
continued  until  ISW).  It  is  perhaps  well  tu 
add  that  just  before  his  appointment  to 
Vale  in  185t)  he  had  tieen  invited  to  a  simi- 
lar position  at  C'ambridge.  Mas.sachu setts, 
in  connection  with  Ilarvanl  C.VtIlege.  hut  by 

the  prompt  action  of  a  generous  friend  in  the  Vale  faenlly  in  provid- 
ing tJie  necesttary  funds  he  was  itidiic<Hl  to  remain  Iti  New  Haven  and 
wceptthe  "Silliman  Professorship." 

In  1899  lon|(-i«Qtinu«l  overwork  bnniicht  ii  tirvakilowu  of  wnon^  I'lmrai'tcr  anil 
from  which  hp  never  fully  n-coveriMl,  an<l  althoiiKli  UUt  Hiine  lU-gnt'of  iii'nitli  nnm- 
tisrk.  be  wualwayg  mibjevt  Uitlif^'vcrw't  liinitationii until  thi'enilol  liiii  life.  Drily 
Ihotie  iminediati'ly  wwociate*!  witli  him  i-oiiUI  apprwiale  the  iiiexoral'li'  chararler  o( 
thtHe  iimitatioDfl and  the  wif-<leniBl  lliat  wh."  invnivtil,  nol  only  iti  ntilriitinu  wcirk 
an<l  mental  eflvrt,  t>ut  aUn  in  aviiiilin);  iiitercoUDH- with  othtr  men  <>f  w'li'ik-i- hikI 
ImniU  fa  KpneMl,  in  whieli  he  alwavf  fouiii)  the  >;n'ali-i<l  pit's 


ttle  l.y 


"The  "8yit«n"'  haa  nuw  K<>»e  throiitcli  "it  "litions.  though  afU-r  1S<W  Hie  work 
HBX  (lone  mainly  and  Hnally  wholly  l>y  hit-  m«[i,  I'mf.  K.  S.  Ihiiia.  now  {•rofewor  of 
Phynca  and  Curator  of  the  Mineraloftieal  ('•  illi-<tiiin  in  the  eame  iiiiiv.Tnity.  The 
lart  edition,  that  <A  1892.  rompriuef  1, 104  royal  ottavo  i«pw  with  over  1,400  liKun-a 
in  the  teit 
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the  power  for  work  was  restore<l  aud  by  husbanding  his  strength  so  much  was  accom- 
plished that,  besides  other  writing?,  he  was  able  to  bring  out  in  1862  the  first  edition 
of  his  Manual  of  Geology,  and  in  1864  the  Text-book  of  (leology,  and  four  years  later 
his  last  and  most  imi)ortant  contribution  to  mineralogy,  the  fifth  edition  of  the 
** System."  This  last  great"  labor,  extending  over  four  years,  was  followed  by  a 
turn  of  ill  health  of  an  alarming  character  and  from  which  restoration  was  again 
very  slow. 

The  years  that  imme<liately  followed  were  tilled  with  the  same  quiet  labor,  geo- 
logical investigations  in  the  field,  the  writing  of  original  papers  ami  books,  the 
eilitorial  work  of  the  Journal,  and  his  duties  as  a  collie  instructor. 

They  W(ire  reinarkiihly  productive  years,  notwithHtanding  the  diffi- 
culties contended  against,  notably  his  renewed  ilhiess  in  1874  and  1S80. 
A  large  nuinlxM*  of  important  papers  were  published,  chiefly  in  the 
Journal.  New  (editions  of  the  Manual  of  Geology  were  issued  in 
1874,  1880,  and  18i)5;  of  the  Text-book  in  1874  and  1883;  while  a  new 
geological  volume  called  The  (ieological  Story  Briefly  Told  was  issued 
in  1875,  and  one  on  the  Characteristics  of  Volcanoes  in  1890,  after  his 
second  visit  to  the  island.  A  second  edition  of  his  book  on  Corals  and 
Coral  Islands,  the  tirst  edition  of  which  appeared  in  1872,  was  also 
brought  out  in  1890. 

But  it  was  not  as  an  investigator  and  writer  only  that  Dana  achieved 
success.  As  a  teacher  he  seems  to  have  won  the  respect  and  regard 
of  all  with  whotn  he  came  in  contact,  and  to  have  left  on  the  minds  of 
students — even  those  who  had  no  taste  for  geology — a  lasting  and 
favorable  impression.  Many  of  his  sayings  in  class  lectures  were 
epigmphic:  *"1  think  it  better  to  doubt  until  you  know.  Too  many 
people  assert  and  then  let  others  doubt."  Again,  ''I  have  found  it 
best  to  be  always  afloat  in  regard  to  opinions  on  geolog3\" 

Nor  can  we  regard  him  as  merely  a  geologist.  His  work  on  crus- 
taceans, comprising  l,r»20  pages,  with  an  atlas  of  96  plates  (1854), 
shows  tliat  c(jual  i^uccess  could  have  been  attained  in  the  biologiital 
Held  liad  he  chosen  to  follow  it.  Tlie  mental  vigor  and  staying  powers 
of  the  man  w(»re  simpiv  extraordinarv,  and  it  is  not  too  much  to  sav 
that  he  stands  out  head  and  shoulders  above  all  his  contem{)oi*aries,  if 
not  above  all  who  preceded  him.  His  interest  never  flagged;  no 
])roblem  was  too  large  for  him  to  grasp,  no  detail  too  small  for  his 
consideration. 

It  would  seem  (juite  extraordinary  that  two  men  who  have  done  so 
much  for  American  geology,  whose  work  was  reall}'  epoch  making, 
who,  without  doubt,  excelled  any  geologists  of  their  time  in  ability  to 
H.  D.  and  w.  B.  unravcl  the  ditKcult  structural  pro}>lems  of  any  region, 
Ri?hmond  ftiwider  should  liavc  ])een  so  (\xtremely  visionary'  in  theoretical 
Train.  1848.  matters.     The  ])e(uliai'  ideas  of  II.  D.  Rogers  on  the 

subject  of  the  elevation  of  the  Appalachians  are  elsewhere  referred  to. 
I  wish  here  to  notice  their  equally  extraordinary  ideas  regarding  the 
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Iterkshire  (Richmond)  Iwwider  train,  first  brought  to  notice  hy  Ilitch- 
t-ock  (isee  p.  3i*4). 

According  to  the  descriptions  now  given,  the  tniins  start,  I'lu-h  fitmi 
its  particnlHr  depre^jsion  in  the  i^imuiiit  of  ii  high  ridge,  in  C-Hiitum.  New- 
York.     TKkiiig  a  direction  S.  3.^-  E.,  they  rr<t^<  the  high<>r  ndges  mid 


Fta.  42.— skctrh 


their  intervening  valleys,  the  longer  for  a  disttuue  of  2i)  miles  and  the 
shorter  for  1"  miles.  The  individual  trains  are  neillier  nf  them  more 
than  3iH>  or  -KK)  feet  in  hreadth.  and  not  over  half  a  mile  usuiider. 
The  transported  blocks  are  of  all  .-iizes  np  to  -2**  feet  in  diameter, 
sharply  angular,  free  from  scratches,  and  all  of  the  same  lithological 
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nature,  identical  with  that  of  the  ridge  from  whence  they  start.  That 
such  a  dispersion  of  bowlders  from  a  single  point  should  have  taken 
place  regardless  of  contours  is  certainly  enough  to  excite  the  interest 
of  anyone.  It  is  the  means  invoked  by  the  two  workers  which  have 
excited  our  wonder,  however. 

After  exhibiting  to  their  own  satisfaction  the  inadequacy  of  either 
the  iceberg  or  the  glacial  hypothesis  to  account  for  their  production, 
the  authors,  in  a  paper  before  the  Boston  Society  of  Natural  History 
in  1848,  attempted  to  show  how  all  the  phenomena  might  be  explained 
by  the  theory  of  a  sudden  discharge  of  a  portion  of  the  Arctic  Ocean 
southward  across  the  land.  They  discussed  the  important  functions 
of  the  ''wave  of  translation,"  showed  its  surpassing  velocity  and  great 
propulsive  power,  and  traced  the  influence  of  vehement  earthquakes 
near  the  pole  in  dislodging  the  northern  waters  and  ice  and  maintain- 
ing in  the  rushing  flood  these  vast  and  potent  waves.  They  then  sug- 
gested that,  at  a  certain  stage  of  the  inundation,  the  ice,  previously 
floating  free,  might  impinge  with  irresistible  violence  against  the  tojw 
of  submerged  hills,  and  that  the  Canaan  Mountain  stood  precisely  in 
the  position  to  take  the  brunt  of  the  ice-driving  flood  as  it  swept  down 
the  long,  high  slope  of  the  distant  Adirondack  and  across  the  low, 
broad  vallev  of  the  Hudso!). 

They  theti  proceeded  to  show  that,  at  the  instant  when  some  enor- 
mous ice  island  struck  the  cre.st  of  the  mountain  and  scooped  the 
trench  which  w(»  there  behold,  a  great  vortex  was  produced  bj'  the 
obstruction  thus  suddenly  thrown  in  the  path  of  the  current,  which, 
endowed  with  an  excessive  g>'ratorv  or  spiral  velocity,  was  capable  of 
sustaining  and  carrying  forward  the  greater  ])art  of  the  fragments. 
As  in  the  instance  of  the  water  spout  and  the  whirlwind,  the  whirl- 
pool would  gatiicr  into  the  rotating  column  the  projected  blocks  and 
strew  them  in  a  narrow  path  in  the  line  along  which  its  pendent  apex 
would  drag  the  ground. 

The  ])aper  t(M*minated  with  an  application  of  this  idea  in  detail,  to 
the  explanation  of  each  import^mt  feature  of  these  trains;  to  their 
deflection  from  a  straight  line;  the  intermission  in  the  })owlders  at  cer- 
tain places  in  the  train,  and  the  fact  that  sonu*  of  the  bl(X*ks  have  l>een 
violently  broken  at  the  moment  previous  to  their  flnal  deposition." 

Truly  there  were  catastrophists  in  those  days. 

We  may  anticipate  liere  by  stilting  that  at  the  meeting  of  the  Ameri- 
can Association  for  tiie  Advancement  of  Science  in  1S70,  Prof.  J.  H. 


''In  1  HTrJ  t hi*  Kiij^lisli  urologist  Lyell  visited  this  rejrioii  in  company  with  Jami'S 
Hall,  tlie  foriDcr'n  views  on  the  subject  ])eing  published  in  1855  in  the  Proceedings 
of  the  Royal  Institution.  He  reparded  the  hypothesis  of  glacial  tran8pK)rtation  as  out 
of  the  (juestion,  and  af)parently  also  that  put  fc^rward  by  tlie  Kopers  brothers,  for  he 
made  no  mention  of  it.  His  own  idea  ^^as  that  the  large  erratic*  had  been  trans- 
I)orte<^l  to  their  prej*ent  resting  place  l)y  floating  coa>^t  ivx'. 
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Perry  read  a  paper  on  glacial  phenomena,  in  which  he  referred  to  these 
trains  incidentally,  and  argued  that  they  were  part  of  the  true  glacial 

drift — moi-ainal  materia)  deposited  by  the  melting  of 
SSi/isTO^"^"'     the  ice  sheet  of  the  glacial  epoch. 

Again,  in  1S7K.  Mr.  K.  R.  lienton  studied  thptmiiis 
in  considerable  detail,  and  in  the  Bulletin 
of   the   Museum   of  Comparative   Zoology 
published  a  detailed  description  and   map 

of  the  region,  from  which 
fa?*.**""*"  **^*^'  'h^  ^"^  given   herewith  is 

reproduced.  Benton  tj>ok 
the  ground  that  the  bowlders  were  de- 
posited by  the  ice  sheet  of  the  glacial 
period  at  the  time  of  its  final  melting, 
the  direction  of  the  strife  on  the  under- 
lying rock.'^  being  here  es.sentiallv  the  .'«ime 
as  that  of  the  bowlder  trains.  In  con- 
Dection  with  hi.s  investigations,  Benton 
wrote  to-Pi-of.  W.  B.  Rogers  concerning 
the  views  above  advocated  by  him,  and 
rec-eived  in  reply  the  letter  from  which  the  following  abstract  is  taken: 
At  that  time  (i.  e.,  when  thia  paper  was  written)  paroxysmal  ilynamii's  hail  Mill 
many  advocates,  an<l  the  attempted  exphination  may  )«  interenting  an  a  Hpit^imen  o( 
the  bold  typeof  epeculation  in  which  n>me  of  the  early  geolof^ftBt^metimeriventunH] 
to  indalge.  But,  fur  myself,  1  may  say  that  long  years  of  ohs<>rvaiiiin  and  study  make 
me  more  dietrustfiil  of  our  knowledge  of  causes  and  mon^  willing,  in  geology  a>i  in 
other  things,  to  labor  and  wait. 

It  will  be  remembered  that  in  1844  Michael  Tuomey  was  appointed 

State  geologist  of  South  Carolina,  a  position  which  he  continued  to 

hold  until  his  appointment  to  the  chair  of  geology,  mineralogy,  and 

agricultural   chemistry    in   the    Stat«i   I'niversity   of 

Tbiimi  J  'i  Final  i  i    i_ 

RmnoatiicOeototr  Alabama. 

Tm.     *^"'^"'  A  preliminary  report  ha.salready  been  noted  (p.  387). 

The  final  report  ap|)eared  in  the  foni'i  of  a  volume  of 
293  pages  in  1H48.  This,  with  the  exception  of  the  volume  on  the 
fossils  of  South  Carolina,  of  which  he  and  Doctor  Holmes  were  joint 
authors,  was  the  most  systematic  and  pretentious  of  his  publications. 
This  survey,  like  that  of  many  of  its  predecessors  in  other  States, 
was  undertaken  with  a  view  of  developing  the  agricultural  resource-^ 
of  the  State.  The  condition  of  the  public  mind  toward  pure  science 
at  the  time  is  well  reflected  in  the  almost  pathetic  postscript  of  Mr. 
Tuomey  to  his  preface,  in  which  he  simply  states  that,  while  the 
report  was  passing  through  the  press,  he  was  informed  that  the  plates 
containing  figures  of  fn.ssils  had  not  l>een  considered  e.s.sential  liy  the 
committee  on  publication  and  were   therefore  omitted.     The  wi>rk 
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comprised:  (1)  An  iiitrodui'tion  of  59  pages,  given  up,  as  was  so  often 
tlu»  (Use  with  these  early  reports,  to  general  geological  considerations 
and  as  applicable  to  any  other  region  as  that  at  hand,  and  (2)  the 
report  proper,  comprising  seven  chapters  (234  pp.)  and  an  appendix 
of  5(>  pages,  containing  a  catalogue  of  the  fauna  of  the  State.  It  also 
contiiined  a  geological  map  of  the  State,  the  first  to  be  issued. 

The  introductory  chapters  are  interesting  only  a8  reflecting  the  con- 
dition of  geologic  knowledge  at  the  time.  Tuomey  estimated  that  our 
actual  knowledge  of  the  earth's  crust  extends  to  a  depth  of  15  miles, 
measured  from  the  tops  of  the  highest  mountains.  He  adopted  the 
Kant-Laplacean  theory  of  the  origin  of  the  earth,  and  recognized 
slaty  cleavage  as  distinct  from  joints  and  stratification,  regarding  it  as 
resulting  ^'from  the  tendenc}'  of  the  simple  component  substances  of 
the  rock  to  arrange  themselves  in  crystalline  forms  at  a  time  when 
the  semifluidity  of  the  mass  permitted  a  certain  degree  of  motion 
among  its  particles."  The  crystalline  structure  of  the  gneisses  and 
other  metamorphic  rocks  he  regarded  as  resulting  from  a  degree  of 
subterranean  heat  which,  although  intense,  did  not  destroy  the  lines 
of  stratification  or  bedding  which  they  received  at  the  time  of  their 
deposition.  In  his  table  showing  the  order  of  superposition  of 
fossiliferous  rocks,  he  divided  them  into:  (1)  The  Recent  or  po.st- 
Pliocene  pi»riod:  (2)  the  Tertiary;  (3)  the  Newer  Secondary  or  Creta- 
ceous; (4)  the  Middle*  Secondary,  including  the  Wealden  and  Lower 
Lias  with  the  intermediate  beds:  (5)  the  Older  Secondary,  including 
th(»  Triassic;  (G)  the  Newer  PahM)zoic,  extending  from  the  Magnesian 
Limestone  or  Permian  dowti  to  and  inchiding  the  Lower  Carbonifer- 
ous shales:  (7)  the  Middle  Palectzoic,  including  the  Devonian:  and  (S) 
the  New  York  System  of  Tpper  and  I^ower  Silurian,  including  the 
Chemun«r  and  Cliamplain  Division  and  intermediate  formations. 

In  the  part  of  the  report  relating  to  the  geology  of  the  State  proper 
W(M*e  chapters  on  the  character  of  the  surface  rocks,  l>eginning  with  a 
discussion  of  the  granites  and  traps.  Attention  was  called  to  their 
(»xtensive  decomposition,  and  the  production  of  bowlders  through 
decomposition  along  joint  plains  is  described  and  figured.  The  occur- 
I'ence  of  the  flexible  sandstone,  or  itacolumite,  was  noted,  and  it  was 
rightly  remarked  that  ''the  flexible  portions  of  the  rock  seem  to  ]>e  in 
the  iiicipi(Mit  stages  of  disintegmtion."  The  gold  and  iron  mines 
received  a  considerable  shai'(»  of  attention,  and  a  map  was  given  show- 
ing in  color  the  deposits  of  magnetic,  s|)ecular.  and  limonite  ores,  and 
limestone  of  the  York  and  Sp5irtanl)urg  districts. 

In  the  line  of  purely  physical  local  geology,  perhaps  the  most 
interesting  part  of  the  report  lies  in  his  discussion  of  the  possible  sub- 
sidence of  the  coast  going  on  at  the  pi(\sent  time.  He  showed,  to  his 
own  siitisfaction  at  least,  that  the  presence  of  stumps  of  trees  l>elow 
and  partly  below  the  present  sea  level  was  due  to  the  gi*adual  under- 
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mining  of  sand  and  mud  flats  on  which  they  grew  and  the  conseciuent 
settling  of  the  stumps,  retained  in  an  upright  position  by  their  wide- 
spreading  roots,  and  not  to  a  subsidence  of  the  coast,  as  taught  }»y 
Lyell,  Bartram,  and  later  by  Lie})er  and  Cook/'  The  origin  and  nature 
of  the  soils,  the  mining  and  preparation  of  fertilizei-s.  including  lime 
burning,  the  washing  and  milling  of  gold  ores,  and  kindred  subjects, 
were  touched  upon.  Many  soil  and  fertilizer  anal3\ses  were  given,  the 
latter  and  their  discussion  being  largely  })y  Prof.  C  t^.  Shepard,  then 
professor  of  chemistry  in  the  Medical  College  of  the  State,  at  (yharles- 
ton.     The  fossils  were  identified  by  Cx)nrad  and  (iib})s. 

It  is  but  natural  that  a  considerable  p<jrtion  of  the  work  should  be 
given  up  to  a  discussion  and  description  of  the  Tertiary  deposits,  which 
cover  more  than  half  the  area  of  the  State.  Concerning  these  he 
recapitulated  as  follows: 

1.  That  they  are  eituateci  in  a  vast  depression  in  tho  C'retaceous  nx'ks,  which, 
however,  are  only  visible  on  the  (»afit  and  northeast. 

2.  That  the  Eocene  consists  of  three  well-defined  groups:  (1)  The  Huhr-stone 
formation,  composed  of  thick  beds  of  sand,  j^ravei,  grit,  clay,  and  biihr-stone,  amount- 
ing to  at  least  400  feet  in  thickness  an<l  un<lerlying  the  calcareous  l)eds.  \t»  upper 
p<»rtion8  are  characterized  by  lH»ds  alN)unding  in  silicified  shells,  for  the  most  i>art 
identical  vvith  the  Claiborne  fossils.  As  these  are  littoral  sh(*lls,  they  prolxably 
cKTupie*!  the  coast  while  the  San  tee  be<lH  were  forming  in  det^p  water.  The  materials 
of  which  this  formation  is  comiKjsed  are  the  niins  of  the  granitic  and  metamorj)hic 
rocks  of  the  upi)er  districts,  which  may  often  1k»  tratre*!  to  their  origin.  (2)  The 
Santee  beds,  consifiting  of  thick  l)ed8  of  white  limestone,  marl,  and  gret^nsand. 
TheJ*e  are  l)est  seen  on  the  Santee,  where,  interstratifie<i  with  the  grcensand,  they 
dip  gently  towanl  the  south.  The  coralline  marl  of  Eutaw  is  found  near  the  upi>er 
«Hige  of  these  beds.  (3)  The  Ashley  and  Coopi'r  l>eds,  which  are  the  newest  h)ocene 
b(*dB  of  the  Statt*.  The  marl  of  thei4c»  is  chara<*terized  by  its  dark  gray  <*olor  and 
granular  texture,  while  the  remains  of  fishes  and  mammalia  give  its  fossil  rtMuains  a 
fiecaliar  character  and  leave  no  doubt  of  the  |M»sition  assigntnl  it — at  the  top  of  the 
Eocene  series.  Thest»,  together  with  the  Santee  lx»<ls,  must  amount  at  l«*ast  to  a 
thicknesB  of  600  or  700  ftnt. 

3.  That  although  t hew*  strata  contain  throughout  characteristic  K^H*ciie  fonsils,  yet 
they  also  inclose  some  ('retaciH)us  f(»riiis. 

4.  That  the  Mi<i<ile  Tertiary  of  the  State,  ('omiNtrHMl  of  IhhIs  of  t*mu\  and  marl, 
highly  fossil iferous,  is  scatter*»<l,  like  similar  IknIm  in  (»ther  places,  over  the  h)<K'enc 
and  Cretaceous  formations  in  isolatiHl  patchen.  That  the  pr<»|H»rtion  of  recent  sinvit^s 
increases  t4»wanl  the  south,  and  that  the  extin<"tion  of  s|KTii's  .-M-crns  to  procee<l  in 
tliat  direction,  as  is  pro v<*d  by  the  fact  that  the  rect»nt  forms,  n\  hirh  are  also  fossil, 
lielong  to  a  more  southern  fauna,  there  lM*ing  hut  ont>  or  two  c\c<>ptions. 

5.  That  inS<»uth  (*arolina  the  pro|)ortion  (»f  re<vnt  sjKH'ies  in  this  formation  amounts 
to  441  |M»r  cent.     1  tiave,  therefon*,  n-lernnl  it  to  the  older  lMi<M'ene. 

rt.  That  the  post- Pliocene  is  confin«'d  to  a  U'lt  along  the  coast  of  aUmt  H  or  9 
niiU'S  in  brea^lth.  The  f<Msils  are  nearly  aM  referaMe  to  living  s|KM'ies  now  inhahit- 
iug  the  Ltjtufi;  a  few,  however,  U'long  to  the  fauna  of  Florida  ami  the  West  Indies. 
An  eievati'iii  uCthe  coast  has  taken  place  sinr<*  the  de|H>Mition  of  these  IkhIh,  which, 
it  is  proliable,  has  given  the  rivers  of  the  Atlantic  sK»|k»  a  wi'stern  tendency. 


"  Toomey's  view  was  upheld  hy  Prof.  N.  S.  ShaU-r  aw  nientlyas  1H7(K     l*nMtM*<lings 
i4  the  BukUni  Society  of  Natural  History,  XIII,  p.  22H. 
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7.  That  the  submerged  stumps  of  trees  found  below  the  level  of  high  tide  along 
the  coast  are  not  the  result  of  sulisidence,  properly  so  called,  but  must  be  referred  to 
the  encroa<^hment  of  the  sea  upon  the  land  and  to  the  peculiar  character  of  the 
deposite  in  which  they  grew. 

8.  That  the  almost  entire  absence  of  fluviatile  shells  in  the  recent  and  Tertian' 
deposits  is  mainly  due  to  two  facts:  (1)  That  there  is  a  considerable  space  between 
the  line  of  brackish  and  salt  water,  where  neither  fluviatile  nor  marine  forms  can 
exist;  (2)  that  the  streams  have  not  transporting  power  sufficient  to  bring  down 
fresh-water  shells.  So  long  as  these  cirt^umstances  exist,  there  can  be  no  mixture  of 
fluviatile  and  marine  shells. 

Prior  to  1848  the  professor  of  geology  in  the  State  University  of 
Alabama  had  been  required  to  spend  a  portion  of  his  time,  not  exceed- 
ing four  months  of  each  year,  in  making  geological  explorations  in 

the  State.  In  January,  1848,  the  general  assembly,  in 
Aia^mar  fS48^3o?*  recognition  of  the  utility  of  this  work,  passed  a  resolu- 
tion appointing  Michael  Tuomey,  then  holding  this 
professorship,  State  geologist,  and  requiring  him  to  make  a  report  to 
the  general  assembly  at  each  of  its  biennial  sessions.  Thus  simply  was 
inaugurated  the  first  systematic  geological  survey  of  the  State. 

Under  this  law,  Tuome^^'s  First  Biennial  Report,  in  form  of  an  octavo 
volume  of  176  pages  and  a  colored  geological  map  of  the  entire  State, 
appeared  in  1850.  In  this  the  rocks  of  the  State  were  divided  into 
those  of  (1)  The  Primary,  (2)  Metamorphic,  (3)  Silurian,  (4)  Carbon- 
iferous, (5)  Cretaceous,  and  (6)  Tertiary  systems,  the  last  named  being 
represented,  so  far  as  then  known,  only  by  the  Eocene.  Much  of 
the  report  was  tuken  up  with  economical  considerations,  particular 
attention  being  paid  to  coal  and  iron. 

The  second  report  of  this  survey  appeared  under  the  editorship  of 
J.  W.  Mallet,  the  publication  having  been  delayed  through  the  pro- 
crastination of  the  Public  Printer  and  Professor  Tuomey's  death,  which 
occurred  in  March,  1857. 

Tuomey  recognized  on  Marble  Creek  in  Limestone  County  a  blue 
limestone  which  was  a  contirmation  of  the  Silurian  rocks  in  Tennessee. 
The  Devonian  rocks  were  represented  by  black  slate  found  on  the 
principal  streams  flowing  from  the  north  into  the  Tennessee  between 
Flint  River  in  Madison  and  Shoal  Creek  in  Lauderdale  County.  He 
regarded  the  divisions  of  the  carboniferous  made  by  Troost  as  suffi- 
ciently characteristic  in  north  Alabama  to  be  retained. 

The  clastic  material — that  is,  the  loosely  consolidated  sands  and 
gravels — ^which  he  mapped  as  extending  across  the  middle  of  the  State 
and  north  of  the  verge  of  the  Cretaceous  beds,  and  colored  as  post- 
Tertiary,  were  referred  to  as  Ix^longing  to  the  drift,  although  having 
little  resemblance  to  that  of  the  north.  ^'  If  the  southern  drift  be  at 
all  connected  with  that  of  the  north/'  he  wrote,  *'it  may  be  explained 
by  supposing  that  the  northern  glaciers  suddenly  melted,  and  that  the 
water  thus  liberated  in  immense  volume  took  a  southern  direction, 
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carrying  with  it  the  debris  torn  from  the  surface  over  which  it  passed 
until  it  met  the  Tertiary  sea,  upon  the  shores  of  which  its  burden  wa.s 
deposited."  This  theory,  he  felt,  would  sufficiently  account  for  that 
enormously  long  ridge  of  drift  extending  parallel  with  the  Atlantic 
coast,  for  the  moment  the  current  entered  the  Tertiary  sea  its  velocity 
would  be  checked  and  the  greater  part  of  the  transported  detritus 
deposited.  The  reader  will  here  recognize  an  old  idea,  but  slightly 
modified. 

Commenting  on  the  fact  that  these  beds  contain  no  fossils,  he  wrote: 

The  only  way  by  which  I  can  account  for  this  *  *  *  iw  l)y  supposing  that, 
before  the  drift  period,  the  bottom  of  this  sea  had  been  elevate<l  and  converted  into 
dry  land,  and  that  at  the  commencement  of  the  drift  i^eriod  a  depression  of  the  land 
took  place;  that  the  time  between  the  influx  of  the  sea  and  the  dep>06ition  of  the  drift 
was  too  short  for  marine  animals  even  to  have  commenced  a  colonization,  an<l  that  the 
land  was  again  elevated  into  its  present  position  and  8ubjecfe<i  to  long-continue<l 
ilenudation,  which  produced  its  present  configuration;  that  after  this  elevation  the 
rivers  excavated  their  present  channels. 

Tuomey  was  assisted  in  this  work  by  Oscar  M.  Lieber,  geologist, 
and  J.  W.  Mallet,  chemist. 

The  withdrawal  of  Tuomey  from  the  field  in  South  Carolina  inci- 
dental to  his  removal  to  Alabama  left  the  position  of  State  geologist 
vac*ant  until  the  appointment  of  Lieber,  in  1855.     In  the  meantime 

F.  S.  Holmes,  working  privately,  gave  in  the  American 
(Mng^of ciuuiMton  Journal  of  Science  for  1849  a  brief  paper  on  the  geol- 
ogy of .  the  vicinity  of  Charleston,  which  may  be  noted 
here,  with  the  preliminary  remark  that  this  was  Doctor  Holmes's  first 
venture  in  the  geological  field.  In  this  paper  attention  was  called  to 
the  fact  that  the  city  of  Charleston  was  built  upon  geologii^al  forma- 
tions supposed  to  be  identical  in  age  and  in  other  respects  similar  to 
those  upon  which  London  and  Paris  are  located,  i.  e.,  upon  the  Eocene. 
The  adjacent  sea  Islands  he  thought  to  have  been  formed  through  the 
action  of  the  ground  swell  of  the  ocean  and  the  streams  flowing  down 
from  the  interior  during  the  time  when  the  land  w*ds  gradually  emerg- 
ing from  the  sea. 

He  agreed  with  Tuomey  in  taking  exception  to  the  then  generally 
received  opinion  that  the  sea  was  advancing  upon  these  shores,  having 
been  led  by  his  own  observations  to  the  conclusion  ''that  if  the  ocean 
does  wash  off  portions  of  the  shore  at  one  exposed  point  it  deposits  the 
same  at  no  great  distance  upon  another."  The  supposed  indications 
of  subsidence,  such  as  the  stumps  and  roots  of  trees  now  below  the 
level  of  high  tide,  he  accounted  for  on  the  supposition  that  outer  sand 
barriers,  which  had  prevented  the  ingress  of  salt  waters,  were  gradu- 
ally removed,  allowing  the  waves  to  wash  away  the  fine  silt  and  mud 
between  the  roots  of  the  trees,  thus  permitting  them  to  sink  into  it 
and  become  embedded.  This,  it  will  be  noted,  was  essentially  the  view 
advanced  by  Tuomey. 
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Holmes  classified  thp  formations  met  with  as  post-Plio«^ne,  Miocene, 
mid  Eoi'cine,  the  post-PI ioi-piic,  wheif  ol>serv'ed.  resting  directly  upon 
the  Kocene.  This  he  would  accountfor  on  the  suppoRition  that  during 
the  deposition  of  the 
post-Pliocene  the  Mio- 
cene ai-eas  were  above 
water,  or  had  been  de- 
nuded of  their  post- 
Plioeene  covering  pre- 
vious to  the  deposition 
of  the  alluvial  or  dilu- 
vial sauds  and  clays. 

In  IS-tflCapt.  Howard 
Stansbury,  of  the  corps 
of  topographical  engi- 
neers, acting  under  au- 
thority pf  the  War  I>e- 
partnient,  explored  the 
valley  of  fircat  Salt 
Ijake.  The  expedition 
loft  Fort  Leavenworth 
May  :«,  1849.  taking  a 
north- 

CapUln  SUnabor)'  '* 
EiploratkHiiliiUtab,  west  dl- 
1849.- 

rection 
imd  striking  the  Platte 
ut  Fort  Kearney,  pro- 
cccdinfj  thence  along 
this  and  the  North  Fork 
to  the  Sweetwater,  and 
thence  across  South^ 
Puss  to  F<»rt  Bridger 
and  Silt  I^ake  City. 
The  return  trip  was 
made  by  a  more  south- 
erly route,  through 
liridger  Pass,  striking 
the  old  route  again  ut 
Fort  Laramie,  and 
thence  hack  to  Fort 
Leavenworth,  the  latter 

)K)int  iK'ing  reached  the  (1th  of   Novenilier.   is',v. 

N'o  geologist  acconnwinied  this  c\|H'dil ion,  and  a  small  series  of  rocks 

and  fossils  whi<h  were  colle.t.-d  \U'r,'  rc|K.rled  upon  by  James  Hall. 

Forms  belonijing  to  the  Crcla<'einis.  ('arlKinifi'rous,  and  Silurian  or 

IVvoniaii  ages  were  idenlilied. 
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III  184T  Doctor  Owen  wiis  aguiii  piiiployed  hy  Iho  TroaMiiry  I)«'imrt- 

iiient.  under  imnutdiab^  supi'rvision  of  (toiuthI  LhikI  ConmiiMsioncr 

K.  M.  Voniiff.  to  uiakt!  Murveys  in  thii  Chippewa  district  <if  Wisconsin 

o.o.o*rta'*v/*ttiia  and  the  nurtliorn  part  of  Iowa.    The  i-egion  lion liptwei'n 

•od  In ^t^Motia.      4H    and  47    north  latitude  and  Mlt    and  iH    lonifitndc 
Iowa,  and  MlBoewu.  ,,,  ,,, 

1B47-ISSI.  west  of   (fiecnwicli,  cinnrariii}^  awnt  4t).lHll)   H(|iiara 

miles  and.  as  shown  on  the  map  (%.  45).  coniprisiiig  tliat  portion  of 
the  conntry  ''lying  chiefly  east  of  the  upper  Missis-sippi  above  Lake 
Pepin  and  extending  north  to  Lake  Superior."  Iiieidciituliy,  tJiere 
was  included  a  portion  of  Iowa  *' stretching  north  from  the  nortliorii 
lioundary  of  the  geological  survey  of 
1H;«i  as  far  as  the  St.  I'eters  Kiver, 
and  also  a  tract  of  conntry  north  of 
the  Wiftfonsin  Kiver." 

As  ill   the    previous   survey,   the 
time  was  limiU^d,  only  tlie  summer 
antl  autunni  of  1847  In-ing  devote<I 
to  field  work,  tlie  re|X)rt,  printed  in 
form  of  Senate  DiM-iiment  No.  57 
of  the  first  session  Thirtieth  Con- 
gress, hearing  the  date  of  April  28, 
ltv4H.     It  comprised  134  pages,  with 
one  geological  map,  'I'i  lithogmpliic 
plates    fnmi    drawings    by    Doctor 
Owen,  and  13  coloreil  plates  of  sec- 
tiuDM.      Some    of    these    last    were 
l*eautiful  conihiiiations  of    sections 
and  [xtrspeetivi!  tandscujH's,  and  give^ 
at   u  glance  a  general  idea  of  the 
surface     features    as     well    as     the 
cltaracter  and  <lip  of  the  underlying 
HH-k  matises,  such  as  is  rarelv  ex-     Km  4.v-M»pi.[iii 
.-.■lied.     (See  Platft  lit.  from  his  sec-       ;",.'',TH-r»"i" 
tion  S.)     Even  when  one  considers 
that,  as  Owen  states,  the  working  time  <if  the  mi 
was  from  twelve  to  fifteen  hours  a  day,  still  one  wi 
was  accomplished  and  pn-si-nted  in  siicJi  good  form, 
geological  survey  was  made  of  only  iilxmt  thirty  to 
fourth  principal  meridian  on  Kliick  Kiver  itnd  ■>t\i 
St.  Croix,  sufficient  data  was  obtiiined  to  enable  liini 
Hppntxiniate  accuracy  ihe  genenil  blearing  anil  arei 
formationsof  over  two-thirds  iheitrea  alnive  mned. 
(hat  Itoth  the  up|>cr  aiui  lower  miigncsian  limestone, 
and  that  there  existed  in  \Vi!,e<insrn  Iwo,  if  not  tliret 
lar  to  those  of  Michigan,  and  whieh.  like  the  last, 
of  productive  new." 


ni)M>rs  of  his  eon)s 

inders  that  so  nnich 

Though  a  detailed 

ftn-hit.swestof  the 

:v  townships  on  the 

li.tolay  down  with 

eit  of  the  prtnci]Ntl 

He  showed.  itJso, 

were  lead-lH'aring. 

'.  trap  ridges  siini- 

"  hold  out  a  pr<is|H>ct 
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Id  this  report,  too,  lie  first  announced  that  the  upper  Mississippi 
country  north  of  the  Wisconsin  Rivor  was  based  upon  magnesiao  lime- 
stoue-s  which  were  older  than  the  lowest  formations  of  the  valley  of 


the  Ohio.  11  {Hirtion  of  them  Iteinj;  i(iiiteniponinc«m-i  with  the  Calcif- 
ei-<tus  },'ruup  !Ui(!  I'otsdiini  siiiidstonc  of  New  York.  He  noted  also 
that  the  Falls  of  St.  Anthony  iin-  n-redinjr  mid  weiv  probably  at  one 
time  lit  II  point  iieiir  Fort  Snfllint:. 
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Concerning  the  red  sandstones  of  the  south  and  west  shores  of  I^ake 
Superior,  he  wrote:  '^ There  is  strong  presumptive  evidence  that  they 
were  deposited  subsequently  to  the  Carboniferous  era/'  His  evi- 
dence, though,  was  admittedl}'  weak  and  later  was  acknowledged  to  be 
wholly  misleading  and  insufficient. 

This  preliminary  reconnaissance  ended,  Owen  was  instructed  to  make 
a  survey  of  the  Northwest  Territoiy,  e^nbracing  chiefly  Wisconsin, 
Iowa,  and  iK)rtions  of  Minnesotii.  The  maimscript  of  his  tinal  report 
of  this  work  was  submitted  in  1851  and  published  under  date  of  1852 
in  the  form  of  a  ([uarto  volume  of  G28  pages  of  text,  with  15  plates  of 
fossils,  19  folding  sections,  and  a  geological  map.  The  illustrations  of 
the  fossil  remains  are  of  particular  interest,  being  medal-ruled  on 
steel,  the  first  of  their  kind  produced  in  America. 

Owen  was  assisted  in  this  survev  bv  Doctors  Shumard  and  Litton,  of 
St.  Louis;  Dr.  John  Evans  and  F.  B.  Meek,  of  Owensboro,  Kentucky; 
Col.  ('.  Whittlesey,  of  Cleveland,  Ohio;  and  Messi^s.  B.  C.  Macy,  Henry 
Pratton,  George  Warren,  and  John  Ifeale,  of  New  Harmony,  Indiana. 

To  Doctor  Ijeidy  fell  the  work  of  descril)ing  the  vert<»brate  fossils 
collected  by  Doctor  Evans  in  the  Bad  Lands  of  Nt^braska.  Among 
these  fossils  was  the  now  well-known  Oreodon,  an  animal  with  grind- 
ing teeth  like  the  elk  and  canines  like  those  of  omnivorous  thick- 
skinned  animals,  Ix^longing,  as  was  thought,  to  ''a  race  which  lived 
\x)i\\  on  flesh  and  vegetables  and  yet  chewed  the  cud  like  our  four- 
footed  grazers/' 

This  work  was  the  first  systematic  account  published  of  the  Bad 
I^ands  fossils.  The  first  mammalian  remains  to  1k»  described  from  this 
region,  it  should,  however,  l>e  noted,  consisted  of  fragments  of  the 
jaw  of  an  enormous  pachyderm,  which  were  descri}>ed  by  Dr.  H.  A. 
Prout,  of  St.  Ix>uis,  in  the  American  flournal  of  Science  for  1847. 

Owen  regarded  the  gypsum  deposits  of  Dubuque  as  due  to  original 
de|K)sition  at  the  bottom  of  an  ocean,  the  sulphate  of  lime  having 
proliably  been  derived  during  the  formation  of  the  rocks  and  from  sul)- 
marine  sources.  This  view  is  somewhat  remarkable  when  it  is  recalled 
that  of  the  total  lime  salts  in  solution  in  sea  water,  Ui)  per  cent  occur 
in  the  form  of  sulphates  and  would  be  deposited  as  gypsum  during  the 
ordinary  processes  of  evaporation. 

His  news  on  the  origin  of  the  drift  were  in  accordance  with  those 
of  the  leading  authorities  of  his  day.  The  large  bowlders  he  regarded 
as  having  lieen  deposiU^d  by  floating  ice  and  drifted  by  currents  from 
the  north  while  the  country  was  depn»ssed.  The  opinion  which  he 
liad  previously  express<»d  (in  LS4S)  concerning  the  age  of  the  I^ke 
Superior  sandstones  was  in  this  final  report  retracted,  and  he  ndegated 
them,  on  stratigrapbic  evidences  only,  to  the  Potsdam  formations, 
which  is  in  accordance  with  the  prevailing  opinion  of  to-day. 
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Of  greakM'  iiiiportiinct'  wius  the  fiut,  Kr.st  aiiiioiinc-ed  iti  his  report  for 
1847-48,  Ijiit  hero  hn)U>rht  out  in  detail,  that  uiideKvin^  his  lower 
iiutgiietiiaii  limestone  (Chazv)  tliero  wero  at  least  six  different  trilobite- 
iKiariiig  t)ods,  sapanited  l)y  from  10  to  15i)  feet  uf  intervening  simlx. 
Previous  to  this  no  ivinaiiw  of  this  nature  had  been  reported  from  mv 
Aiiii-riain  strata  older  than  tlie  Canadian  period  of  the  Ivower  Silurian. 
These  trilo))ite-t>earin(r  i^ti-ata.  it  should  be  noted,  were  found  resting 
immediately  u)X)n  the  jii-inuil  rocks  and  heiiee  formed  the  true  hsfe  of 
the  zooloyioil  scries  in  the  Mississippi  Valley. 

On  the  title  pajfo  of  this  volume  aji[>eared  the  eut  of  the  horizontally 
jointed  trap  of  fjake  SuiH-rior  that  hiis  hnig  done  duty  in  the  text- 
books of  Le  Conte  and  others  (see  fig.  47). 
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•I  of  C.njrn-ss  appn.ved  Man-ii  1.  l.'*47.  Dr. 
Ir.l  by  thr  I  Ion.  H.  .1.  Walker,  then  Seere- 
iiike  ii  iri-ol.i>ri'"iI  survey  of  that  portion  <if 
yiiijr  MULlh  of  I.Mke  Siiix-rior  and  north  ami 
iif  Luke  Miehi-ran.  As  in  previous  oimmh- 
e  iialiire  bv  Owen,  the  objeet  of  this  survev 
the  lands  sh.'uki  be  r1ass.-d  as  mining,'  lands 
luksDti  spent  two  sea-ons  in  the  prosecution 
giied,  for  i-easoris  wliirli  seem  to  have  been 
t  political,  the fonipletion  of  the  work  Iwing 
I.  W.  F.isierand.l.  D.  Whitney. 
I.iished  iis  House  Doeuinent  No.  .">,  Thirty- 
.  Is41t,  It  eoinprisi'd  upward  of  56i)  pajres. 
iiiii].^  of  Keweenaw  Point  and  Isle  Royal, 
<.     The  eniptivi'  links  of   Keweenaw  Point 

I ti    iritruileil  through    linear  euverns  or 

ul«-nr  i<»k  whi.h  ihey  had  frequently  over- 
inforiual)ly  on  their  .-iti-ata,     Hei"e  is  a^in 
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ihIv  I'.itilwrrenHt'M  ttii-  ecltleiiit^nt  of 

i-  »]i|)liiiil>le  t")  the  wlioli!  w>pper 


recognized  the  possibility  of  lissurc.  I'tiiptions  us  (llstiuctive  from  the 
crat«r  eruptions  of  modern  volcanoes. 

The  red  sand^it'OneN  of  Ijukc  Superior  were  erroneously  regarded  as 
belonging  to  the  New  Rsd  series,  the  opinion  being  Jtased  upon  a  tmet 
of  limestone  carrying  tlie  fossil  PititiiineruK  Mm'ffim,  which  was  found 
in  the  midst  of  the  sandstone  near  Anse. 

Jackson,  it  is  weli  to  note,  was  opposed  to  thti  principle  of  the  reser- 
vation of  ininenil  lands  hy  the  (Jeneral  (iovernmeiit.     He  wrote: 

It  luuy  be  useliil  to  tlit'  puhlir  t<i  iiiiiw  )^-'>li>t;' 
iiiaile  lur  tlicir  inforniHtiuii,  but  I  am  r^tiHliin)  t 
is  a  icrmt  i-vil  In  the  iiiiiiitry,  anil  that  Ihc  Ciix 
from  wirli  wnini's,  nhili'  tlif  iwtrirliini  iii'^t  «'r 
newly  Hcigiiireil  territory.  The  al>ove  remarkii 
ntcion,  aixl  I  wiiuM  nut  mlviMf 

Jackson's  chief  assist- 
ants were  .1.  D.  Whitney 
and  J.  W.Foster,  already 
notitd.  Dr.  John  I^ocke, 
and  Dr.  Wolcott  Giblw. 

In  184H,  while  weupy- 
ing  the  chair  of  zoology 
and  geology  at  llarvard 
I'niversity,  lx)uis  Agas- 
.■*iz.  in  company  with 
J  ules  Marcou  and  a  jMirty 
of  students,  undertook  an 
exploration  of  the  Lake 
Superior  region,  the  re- 
sults of  which  were  pub- 
lished in  l?45(i,  under  tho 

Superior;  "  ^'    J    5    f     ^\  -''■'Zf~-    \ 

its    Phvsica!    Character,     '^-^"'-"-"   ~-l''±J\!'^^  i     __xiJ2 
Vegetation  and  Animals.     '''"' '*"*'"'' "''""'r;|;™ "no' wt^^'"'''™''"^  '^' 
compared  with  those  of 

other  and  similar  regions.  Marcou  would  have  us  lK>lieve  that  this 
volume  marked  an  epo<-h  in  natural  history  publications  in  America, 
this  ukainly  on  account  of  the  sui>erior  style  of  its  illustriLtions.  Cer- 
tainly there  was  much  to  justify  the  claim. 

The  ccmntry  was  nearly  everywiiere  roadless,  anil  transiKirtation  by 
water  possible  only  thnmgh  the  aid  of  liirch-liark  canoes.  As  might 
lie  expecte<I.  the  pimdy  gc'ilogical  i>l>servntions  were  of  little  value, 
excepting  NO  far  as  they  related  to  ghuiatioti.  .\gas>iz  !irgue<l  that 
the  form  o1  the  lake  was  due  to  ••n  -eric-  of  injeitions  of  trap  dikes 
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of  different  characters,  traversing  the  older  rocks  in  various  direc- 
tions/' lie  found  six  svstems  of  these  dikes,  to  the  trend  of  which  the 
various  lake  shores  in  a  general  way  conformed.  The  relationship  of 
the  various  copper  deposits  he  attempted  to  explain  on  the  somewhat 
remarkable,  as  well  as  ingenious,  assumption  that  the  material  had 
been  poured  out  in  a  melted  condition,  and,  cooling  quickly,  remained 
in  the  native  state,  offering  to  the  agencies  of  change  a  relatively  small 
surface  exposed  in  proportion  to  its  mass.  At  a  distance  from  the 
main  mass,  where  the  ejections  were  small  with  relatively  large  sur- 
faces exposed,  they  l>ecame  more  or  less  completely  changed  into 
oxides,  sulphides,  carbonates,  et<;.  The  reader  need  scarcely  be 
reminded  that  authorities  to-day  hold  quite  a  different  view,  and 
regard  the  copper  as  having  been  precipitated  by  reduction  to  a  native 
state  from  salts  held  in  permeating  solutions. 

Naturally,  Agassiz's  views,  as  here  set  forth  on  the  glacial  phe- 
nomena of  the  region,  are  of  panvmount  interest.  He  argued  that  the 
drift  of  all  northeast  America  and  north w^est  Europe  was  (^ntempora- 
iieous  and  due  to  a  general  ice  sheet.  Through  a  repetition  of  many 
of  his  former  arguments  he  showed  that  a  current  of  water  sufficiently 
powerful  to  tnmsport  the  large  blocks  found  would  have  swept  prac- 
tically over  the  entire  globe,  and  not  have  stopped  abruptly,  as  did  the 
drift,  after  reaching  latitude  89^  north.  This  limit  of  distribution  of 
the  bowlders  to  the  northern  latitudes  also  indicated  to  his  mind  that 
the  matter  of  climate  was  an  importiint  factor.  Water- transported 
material,  he  further  argued,  w^ould  not  cause  straight  furrows  and 
scratches,  and  the  theory  that  such  might  be  due  to  drifting  icebergs 
was  rejected  on  the  ground  that  existing  bergs  were  insufficient,  and 
to  produce  such  as  wen*  would  necessitate  a  period  of  cold  sufficient 
for  his  hypoth(*tical  polar  ice  cap.  lie  j)ointed  out  that  the  northern 
erratics  wcie  rounded  and  widespread;  that  the  highest  hills  were 
scratched  and  polished  to  their  sununits,  while  to  the  southward  the 
mountain  tops  had  protruded  above  the  ice  sheets  and  supplied  the 
glaciers  with  their  load  of  angular  bowlders.  He  also  called  attention 
to  the  absence  of  marine  or  fresh  water  shells  from  the  glacial  (ground 
moniine)  dejx^sits,  showing  it  was  not  suhaciueous.  Referring  to  the 
stratified  deposits  overlying  the  drift,  he  wrot<»: 

The  various  lu'ljihts  at  which  thes*'  stratified  <lei>osits  occur  alxjve  the  level  of  the 
sea  show  plainly  that  since  their  accunmiation  the  mainland  lia«  been  lifted  above 
the  oc^'an  at  different  rates  in  different  parts  of  the  country. 

And,  furth(»r: 

It  must  be  at  once  obvious  that  the  various  kin<is  of  loose  materials  all  over  the 
northern  hemisphere  have  l)een  accumulated,  not  only  under  different  circumetancei*, 
but  <lurin>r  long-continue<i  subsequent  distinct  {M'rioils,  To  the  first — or  ice  period — 
belong  all  phenomena  connected  with  the  transix)rtation  of  erratic  bowlders,  polish- 
injr,  scratching,  etc.,  and  during  which  the  land  stood  at  a  higher  level.  To  the 
second  belong  the  stratified  drift,  such  as  in(U(*ate  a  depression  of  the  continent. 
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Ltiiiis  A}^s.siz  was  iMtni  m  Motier,  SwitzerUnd,  in  1807.  and  cnuie 
into  world-wide  noUirirty  throiigli  hJM  works  on  fossil  fishes  and  his 
enthusiastic  exploitation  of  the  ^Im-itd  diswtveries  of  Hngi,  Venctz, 
and  OhariMMiticr,  while  in  Nenchatel.  He  came  to 
skMcb  of  AfMMi.  America  to  Ix'ttor  his  tinanoes  in  Irtitj,  and  after  deliv- 
orinjf  (■ourseH  of  lertun'w  before  the  Lowell  Institnte 
in  Boston  and  in  other  of  the  eastern  cities, 
aeeeptcd.  in  IH47,  the  pmfessor.ship  of  {jool- 
offv  and  zoology  in  Harvard  I'niversity. 
Aga^siz  was  not.  however,  h  geologist,  and 
his  service  to  this  branch  of  science  after  * 
coining  to  America  was  more  as  a  teacher 
and  tlinmgh  anmsing  public  interest  than 
by  research.  His  enthusia.siii  was  too  great, 
his  staying  iH)wer  too  slight:  he  was  too 
prone  to  jnmpat  eonchisions  to  maki*  a  good 
geologist,  as  shown  in  his  ha.sty  assnmptioii 
that  the  f)owlders  of  decom]K)sition  found  by 
htm  in  Itrazil  wereilrift  l>owlders and  indica- 
tive of  a  fonnerglaciai|K<riod  in  that  latitude. 
The  work  liegun  liy  Jackson  in  .Michigan 
and  under  direction  of  the  ( ienend  l^and  Office  in  1JS47  was,  w  already 
sliown,  continue*!  by  Messrs.  J.  W.  Foster  and  .1.  D.  Whitney.  Their 
rei»ort.s  were  issued  in  octavo  form.  Vol.  I,  on  the  copjM-r  lands,  con- 
stituting House  Kxecutive 
Wbltncr-tWorkln  Document  No.  ti!*.  first  ws- 
sion,  Ihirty-nrst  Longress, 
iSitO,  and  comprising  :J'i4  pages,  with  1'2 
plate.s  and  a  facsimile  of  a  map  of  I^ko 
Superior  made  by  tlie  Jesuit  missionaries  in 
1671.  Vol.  1 1,  or  Part  2,  on  the  iron  region, 
appeared  a.s  Senate  Kxecntive  I>o*'ument 
No,  4,  special  session,  Manli,  iH.il.  This 
comprised. all  told,  4mi1  ]>ages,  with  3S  plate.-. 
A  colored  geologn-ai  map  of  the  area  snr- 
veye<l  a<roiiipanied  the  rejwrt.  Some  of  the 
more  im|K)rtant  items  noted  are  as  Ix-low: 
They  stated  that  Ijike  Superi<)r  m-cupies 
an  immen-e  <lepressiiin  wliiili  has  been  fur 
the  most  jwrt  excavated  out  of  the  ,-oft  sjind-tone  of  the  Pi>tsdam  agi\ 
The  .-ontigu ration  of  that  [M)rtion  of  the  lake  lying  west  of  longitude 
f*  was  dwmed  as  due  to  two  axes  of  elevation  extending  in  [wraHel 
line>  from  thn  northeast  to  the  -outhwot.  which  upraised  the  «and 
-li cfliiriing  it  to  fonn  a  synelinal  valley. 


FXi.  .yt— John  Wl'IIi  FtxK'r 
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« 

This,  it  will  1h»  noted,  is  radically  different  from  the  idea  put  forward 
by  Agassiz. 

The  eonglomemte  composed  of  rounded  fragments  of  jaspery  rock, 
so  abundant  throughout  the  copper  region  of  the  south  shore  of  the 
lake,  they  regarded  as  a  friction  conglomemte,  testifying  to  the 
'*  intensity  of  the  force  with  w^hich  the  eruptive  rocks  have  l>een  pro- 
pelled from  the  interior  through  the  earth's  crust,"  the  detritus  hav- 
ing been  redistributed  by  the  waters,  following  in  this  the  teachings 
of  Von  Buch.  Their  graphic  account  of  the  conditions  under  which 
it  was  supposed  to  have  been  formed  is  worthy  of  being  reproduced 
entire: 

We  may  suppose  that  at  one  time  all  of  this  district  (i.  e.,the  copper  district) 
formed  a  part  of  the  l)ed  of  the  primeval  ocean.  Adopting  the  the<iry  of  a  cooling 
globe,  we  may  further  suppose  that  the  waters  were  in  a  heated  condition  and  dif- 
fered essentially  in  chemical  comjwsition  from  those  of  the  present  oceans.  The 
earth*8  crust  was  intersected  by  numerous  powerful  fissures,  and  the  communication 
between  the  exterior  and  interior  was  unobstructed.  Volcanic  phenomena  were 
much  more  freijuent  and  exerted  on  a  grander  scale.  iMich  volcanic  paroxysm  would 
give  rise  to  powerful  currents  and  agitations  of  the  water,  ami  their  ahrading  action 
in  detaching  iK)rtions  of  the  preexisting  rocks,  and  depositing  them  in  l)eils  and  lay- 
ers on  the  floor  of  the  ocean,  would  oi)erate  with  greater  intensity  than  at  the  pres- 
ent time.  We  can  trace  the  remains  of  one  volcanic  fissure  extending  from  the  head 
of  Keweenaw  Point,  in  a  southwesterly  <lirection,  to  the  western  limits  of  the  dis- 
trict, and  of  another,  in  a  parallel  direction,  from  the  head  of  Neepigon  Bay  to  the 
western  limits  of  Isle  Royale.  Along  the  lines  of  these  fissures  existed  numerous 
volcanic  vent>«,  like  those  observed  at  this  day  in  Peru,  Guatemala,  and  Java,  which 
were  characterized  by  i>erio<ls  of  activity  and  rei)ose.  From  thes<*  vents  were  jx>ure<l 
forth  numerous  sheets  of  trap,  which  flow(*d  over  the  sands  and  clays  then  in  the 
progress  of  accumulation.  During  the  thn>es  and  c<)nvulsions  of  the  mass  jwrt ions 
of  rock  wouhl  become  <letached  and  n>unded  simply  by  the  effects  of  attrition,  and 
jets  of  melte<l  matter  Ih»  j>rojecte<l  as  volcanic  Ixjinhs  through  the  air  or  water,  which, 
on  cooling,  would  as.«»mne  spheroidal  forms;  while  other  portions  of  the  rock,  in  a 
state  of  minute  mtn'hanical  division,  would  l>e  ejecte<i  in  the  form  of  ashes  and  sand, 
which,  mingling  with  the  water,  would  he  deposited  as  the  oscillations  subsided 
among  the  sands  and  jK^bbles  at  the  l)ottoni  of  the  sea.  During  the  whole  of  this 
perifni  of  volcanic  activity  the  sands  which  now  form  the  base  of  the  Silurian  system 
were  in  the  progress  of  accumulation  and  l)ecame  mingled  with  tlu^e  igneous 
pHMlucts.  The  level  of  the  sea,  as  evidenced  by  the  ripple  marks,  was  subject  to 
ivi>eate<l  alterations;  sometimes  it  rose  so  shoal  that  the  marks  of  the  rippling  waves 
were  impressed  on  thesan<ls,  at  others  it  sank  to  unfathomable  depths. 

In  the  proivss  of  consolidation  the  nx'ks  became  traversed  by  numerous  fissures, 
and  the  water,  charged  with  lime,  was  forctnl  in  like  jets  of  steam,  filling  them  with 
materials  different  from  the  inclosing  mass.  In  this  way  the  pmes  in  the  conglom- 
erate and  the  vesicles  of  the  amygdaloirl  wen*  tilled. 

The  formation  of  the  copper  and  silver  ores  they  regardcnl  as  (hie 
probaldy  to  electrochemical  agencies.     To  <juote  thi^ir  own  words: 

The  <*xistence  of  two  metals  side  by  si<le,  like  copper  and  silver,  each  chemi<*ally 
pun*  and  capable  of  lKMngalloye<l  in  any  proportions;  the  accnmnlation  of  the  latter 
near  the  cross  <-ourses  or  at  the  junction  of  two  mineral  ]>lanes;  the  changes  in  the 
metallic  content**  of  knles  in  their  j)asKage  through  different  nnks,  and  the  parallel 
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arraii^eiiieiit  (»f  tlii»  earthy  jmngiu's,  all  seem  to  iiiciicate  tlie  existence  of  electrical 
currents  <hirin)^  the  i)erio<l  of  their  formation. 

CoiiciM'iiinj^  the  orijrin  of  the  drift  and  the  phenoineim  of  the  j^roov- 
ings  and  striationsof  the  rocks  in  the  regions,  they  were  still  somewhat 
in  the  dark.  The  position  of  bowlders  resting  on  stratified  deposits  of 
sand  and  clay  was  regarded  as  antagonistic  to  the  theory  of  a  general 
ice  cap  similar  to  that  of  the  circiimpolar  region.  It  was  thought 
that  such  might  mther  have  been  transported  by  floating  ice  (not  ic(»- 
^)ergs)  in  the  same  manner  that  bowlders  are  even  now  each  spring 
transported  from  the  }>orders  of  the  northern  lakes  and  rivers  and 
disi>ersed  over  the  adjacent  swamps  and  lowlands. 

The  slates  of  the  region  were  looked  upon  as  probably  originally 
laid  down  as  volcjinic  ashes  and  subse<|uently  consolidated -a  by  no 
means  improbable  theory.  The  specular  and  magnetic  iron  ores  they, 
strangely  <»nough,  regarded  as — 

a  purely  ijjneous  jinxiuct,  in  some  instances  poure*!  out,  but  in  others  suhlimatetl, 
troni  tfie  interior  of  the  earth.  We  mav  conceive  that  the  various  rocks  of  the  Azoic 
series*  wen»  originally  (lepoHite<l  in  a  nearly  horizontal  position.  During  the  <leiK)si- 
tion  ol  these  strata,  at  various  intervals  sheets  of  plastic  matter  were  ]Kmre<l  forth 
from  l)elo\v  ami  spread  out  upon  the  .surface  of  the  pre-existing  strata.  During  this 
j^riiHl  the  interior  of  the  earth  was  the  source  of  con.«tant  emanations  of  iron,  which 
ap|ieare<l  at  the  surface  in  the  form  of  a  plastic  mass  in  combination  with  oxygen, 
or  roi*e  in  metallic  va])ors  or  as  a  subliniate,  |>erhaps  as  a  chl<>ri«h»:  in  the  one  ca.**e  it 
covered  over  the  surface  like  a  lava  sheet,  in  the  other  it  was  abs4>rl)ed  into  the 
a«ljacent  nn-ks  or  diffus^ni  through  the  strata  in  the  process  of  formation. 

The  igneous  rocks  they  classified  as  dolerite,  anamesite.  and  basalt. 
The  sandstone,  which  occupies  almost  exclusively  the  l)ed  of  Lake 
Superior  and  which  oc<nirs  in  isolated  patches  along  the  shore  and  on 
the  islands,  they  rightly  classed  as  Potsdam,  differing  in  this  res|x»ct 
•i^'ith  Jackson,  who  con.sidered  it  as  New  Red,  and  from  Ix>ck(»  and 
others,  who  thought  it  to  be  the  equivalent  of  the  Old  Red  or  Devonian 
sandstone  of  Europe. 

The  work  on  the  Paleozoic  rocks,  as  given  in  Part  II  of  these 
reports,  was  done  by  James  Hall,  of  New  York.  The  limestones 
first  s<MMi  upon  St.  Marys  River.  Hall  regarded  as  identical  with  the 

Chazy,  Bird\'<-eve,  Black  River,  and  Trenton  lime- 
Lake  Superior  stones  of  New  York.     The  Clitf  lime.'^tonc  of  Owen  he 

Rocks. 

designated  as  the  Tfalena  limestone,  which  he  errone- 
ously regarded  as  a  distinct  memlxM*  of  the  Lower  Silurian  system, 
not  recoifnized  in  the  East. 

In  his  chapter  on  the  parallelism  of  the  Paleozoic-  deposits  of  thi» 
United  States  and  Europe,  Hall<-alled  attention  to  the  fa«t  that 

The  simplest  principle**  of  <'hMnenlary  jreoloj^y  teach  us  that  se<limentary  ImmIh. 
having  the  same  thickness  an<l  same  lithoj/raphical  chanictei-s,  can  not  have  sprea«l 
over  an  ar€»a  S4»  \vi<le  as  that  now  incln)Ie«l  In-tween  the  Kuro|K*an  ami  Am«*ricaii 
continents.     All  si*ilimentary  <leiM)sit«  mu.*<t  vary  in  character  at  n»mote  iM>ints,  as 
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llie  phvHical  t-oiKlitioiiH  of  the  o<-ean  can  not  he  presunieil  to  have  reniainetl  the  same 
over  a  wide  extent  of  surfaee.  Under  such  eireuinstanees,  ahsolute  jtarallelimn  in  not 
to  V>e  sought  for  or  expected.  CalcareouH  deiK)8its,  m*  woul<i  naturally  l)e  Kuppose*!, 
have  heen  found  to  he  niorepersistentand  niore  uniform  in  the  character  of  their  foHHil 
eontentn;  b»it  thejse,  over  Home  iX)rtion  of  their  extent,  have  often  Ihhmi  invaded  hy 
arj^illaceous  and  arenaceous  se<liments,  and  the  fauna  is  found  to  lx»  in  a  greater  or 
less  degree  influence*!  by  such  circumstance.**. 

The   following  t4ible  wa.s  given,  showing  tlie  sulxli visions  of    the 
Paleozoic  series  in  New  York: 

1.  Pot.^dam  sandstone. 

2.  C'alciferous  san<lstone. 

rp|H»r   sandstone  of    Wisconsin  and  Minnesota    similar    to    tlie    PuttHlam 
sandstone. 

3.  ('hazv  lime^Jtone. 

4.  Bird's-eve  and  Black  Kiver  limestone. 

5.  Trenton  limestone. 

< ialena  or  lead-bearing  limest^me  iA  Wisconsin,  b)\va,  and  Illinois  not  rec- 
ognized at  the  I^^ist. 

(>.  I'tica  slate. 

7.   Hudson  River  shales.  /Included  in  the  Hudson  Kiver  group. 

S.  Gray  sandstone. 

9.  (.>nei<la  conglomerate. 

10.  Medina  sandstone. 

11.  Clinton  group. 

12.  Niagara  group,  coralline  limestone  of  Srhoharie. 
l.'{.  Onondaga  salt  group. 

14.  Tentaculite  or  water  limestom' 

15.  IVntamerus  limestone. 
lt>.   Delthvris  shalv  limestone. 
17.   Enrrinal  limestone. 
IS.   I'piH'r  Pentamerus  limestone. 

19.  Oriskany  sandstone. 

20.  (^au«la-galli  grit. 

21.  Sch<»harie  grit. 

22.  Onomlaga  limestone. 

23.  Coniiferous  limestone. 

24.  Marcellus  shale. 

2o.  Hamilton  group. 

2(>.  Tully  liuH'stone 

27.  <  Jenesee  slate. 

28.  Portage  group. 

29.  Chemung  gnKip. 

30.  Sandstone  and  shah*  of  the  Catskill  Mountain? 

31.  (irav  and  vellow  san<lstone. 

32.  (ireat  ('arluiniferous  limestone. 


Ivower  llelderln^rg  group. 


rpjK.'r  HeKh*rlH*rg  group. 


Hamilton  group. 


Tlie  following  was  given  to  show  the  e(|iiival(Mj('v  of   the  (1iti*  linn 
stone  with  the  New  York  group: 


» . 
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.'».  Tn»ntnii  liiiu*htnn<>. 

<  raleim  liiiieHUuif.  Wanting  al  the  vAf^i  ami  Huutheasl. 

(>-H,  Hu<lt<i<)ii  River  ^mup. 

9.  Oneida  conKlonierato.  I ,,.       .        _. 
,,^    -,    ,.  "^  l\\  anting? at  IJie  west. 

10.  Medina  nandstone.       / 

11.  Clinton  ^rou p.  \_,.      ...  i  .i         i  _4-         /  4i     /m-   * 

.  ,    -,.  '^    >Tne  Niai»ra  and  the  caleiireon.**  imrtion  of  the  (  lintnn. 

12.  Niagara  group.  J 

l.*{.  Onondaga  salt  group.     Wanting  west  of  I^ake  Michigan. 

14.  Tentaeulite  linu»8tone. 

15,  Pentanieru»  limestone. 

IH.   DelthvriH  shalv  limestone. 

17.   Kncrinal  liniestone. 

IS.   I'ppt^r  Pentamerus  limestone 

\9.  Oriskanv  sandstone. \,,,      ..         ^    .  ^        ,        .. 

^,    ^^      ,      •   ,.      .  >\\  anting  at  the  west  and  southwest. 

L'O.  Cau<la-galli  grit.        f  ^ 

21.  Schoharie  grit. 

22.  Onondago  limestone. 
2.S.  Corniferous  limestrme. 

The  following  bible  was  intended  to  .show  the  eciuivahMicv  of  tlie 
New  York  forms  witli  those  of  Euro|M^: 


Wanting  in  the  States  imrth  of  tlie  (^)hio  River. 


,  .,    ,,        /.*  Trenton  limestone,  in  part. 
Llandeilo  flags. V,  ,,^.       ,   . 
^^    I .*  I  tua  slate. 

,  /Hudson  River  group. 

(  arado<*  Kan<lstone.V„.  . 

IClintnn  group,  in  part. 

Clinton  group,  in  i>art. 

Niagara  group. 

I>ower  HeMerlx'rg  limestones. 


Wenlock  series. 


Ludlow  8eri<»s  and  Devonian  svstem.. 


rp|>er  Iielderl)erg  limestom*s. 

Hamilton  group. 

Chemung  gn»up. 

Re<l  sandstone  and  shale  of  Catskill  Mountains. 


I^e  Chazy,  Bird's-eye,  and  Hlai^k  Kiver  limestones,  the  Ononda^ 
salt  group  and  the  Oriskany  sandstone  he  rej^irded  as  having  no 
repre.s<»ntation  among  British  strata. 

C^ommenting  on  the  proiK)rtion  of  s|>eeies  n^presented  hy  Kurojx?an 
authorities  as  j)a.ssing  from  Devonian  to  (  arlniniferous,  he  wrote: 

It  is  so  enormously  great  that  we  tind  no  parallel  to  it  in  any  pntXHling  i>eri«Ml. 
*  *  *  From  all  tht»se  faets  there  set'iiis  to  Ik*  but  one  <*onclusioii,  and  that  is,  in 
the  British  Islet*  i»artieularly,  either  then*  an»  n»markal>le  exivptions  to  the  general 
law  in  the  i'ontinuation  of  s{>e4'i«*s  from  one  i*)  another  or  that  then*  is  no  foun<iation 
for  a  ilifitinction  U'twtvn  the  iK'Vonian  and  CarlMniifenuis  systems. 

Further  on  he  wroie: 

We  cmn  not  avoi<l  the  <-onelusion  that,  if  we  adopt  tlu»  lH*vonian  system  with  the 
liniitf*  i«tigget»te<l  l»y  fortMgii  writers,  we  must  drop  for«»ver  the  attempt  to  rwN^gniz*' 
the  Lodluw  division  of  the  Silurian  svstem. 
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1'lir  drift  plRMioiiiena  of  the  re^'ioii  .studuHl  hv  FosttT  and   Whit 
De«or  on  the  ncv  were  described    by    E.    Desor,    who   divided    th»' 

deposits    into     four    chisses,    as    follows,    bejfiniiin^ 
with  the  lowermost: 

1.  A  layer  of  coarse,  i>ebbly  loam  called  "coarse  drift." 

2.  Clay  resting  either  on  the  coarse  drift  or  directly  on  the  r<x*k. 

'i.  A  deposit  of  sand,  gravel,  and  j^ebbles,  irregularly  stratiHe<l,  resting  ujKtn  the 
rlav  or  the  bed  rock. 

4.  lsolate<l  lx)wlders  seatteR*d  over  the  whole  region. 

While  disclaiming  any  intention  of  givinj^  a  general  theory  for  the 
causes  and  origin  of  the  drift,  he  argued  that  the  phenomena  he 
described  indicated  neither  paroxysmal  agencies  nor  the  operation  of 
any  single  cause,  however  long  continued.  "'They  disclose  a  long 
series  of  events  which  have  resulted  from  causes  highly  diversitie<l, 
and  as  yet  imperfectly  known.  Three  periods  are  recognized  in  the 
histor}'  of  the  drift  of  the  Lake  Superior  region:  (1)  ''The  period  of 
the  grooving  and  polishing  of  the  rocks/  which  ^  must  be  considered 
as  the  dawning  of  the  drift  epoch;'  (2)  a  period  of  comparative  qui- 
es(;ence,  extending  over  a  long  period  of  time  and  during  which  the 
stratum  of  red  clay  was  deposited.  This  is  the  second  era  of  the  drift. 
(3)  The  overlying  stratum  of  sand  and  gravel  presumably  formed  by 
water,  but  at  higher  levels  than  the  clay  and  indicating  a  still  further 
depression  of  the  land.  This  period  characterized  by  intervals  of  agi- 
bition  and  repose.  He  considered  that  eartluiuake  waves,  according 
to  H.  1).  Rogers's  ing(»nious  theory,  mifflit  be  responsible  in  part  for 
these." 

The  transportation  of  the  l)owlders,  he  thought,  took  place  at  the 
close  of  th»»  drift  ej)och. 

In  another  article  in  the  American  Journal  of  Science  for  the  same 
year  (lsr)*2),  concerning  the  post-PliociMie  of  the  Southern  States  and 
its  rehition  to  the  Laurentian  of  the  North  and  the  dejx)sits  of  the 
Mississippi  Valley,  Desor  attempted  to  account  for  the  large  bowlders 
in  the  drift  of  Lontr  Ishmd  bv  means  of  ice  rafts.  The  bowlders  in 
the  post-Plioc<»ne  of  the  Southern  Stat(»s  were  doubtfully  referred  to 
water  action  onlv. 

Oesor,  according  tx)  Marcou.  was  a  (Jerman,  who  had  come  to  Amer- 
ica as  private  secretary  to  Agassiz,  and  whatever  views  he  may  have 
had  on  glaciation  or  other  scientific  subjects  maybe  regarded  as  mainly 
absorbed  rather  than  learned  from  observation.  Through  l)ecoming 
ov(M-presumptuous  be  had  a  falling  out  with  his  master,  which  resulted 
in  his  discjuirge  in  184S  and  return  to  (rermany  in  1852,  pas.sing  thus 
bevond  the  limits  of  our  Held  of  studv. 

J.  1).  Dana,  as  already  noted,  served  as  geologist  in  the  United 
States  exploring  expedition  under  Captain  Wilkes,  during  the  years 
1838 -4'2.     The  results  of  his  observations  during  this  time  are  eml)od- 
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ied  in  tin*  trnth  volume  of  the  reports  of  the  expedition,  a  royal  octavo 

of  750  paiifc.s,  with  a  folio  atlas  of  21  plates.     Many  of 

Dana  and  the  Wilkes     .  .       •  •       xi.-  i  n      .  x 

Expiorinc  the  conciuHions  given  in  this  volume  were  nrst  pub- 

lished in  the  columns  of  the  American.  Journal  of 
Science,  and  have  alreadv  received  attention. 

One  of  the  earliest  results  of  Dana's  work,  as  here  chronicled,  was 
the  establishment  of  the  principle  that  temperature  influences  the 
growth  and  distribution  of  corals.  A  claim  to  priority  in  this  discov- 
ery was  made  by  James  P.  Couthouy,  and  brought  about  a  personal 
controversy  somewhat  bitter  between  the  two  authors.  This  has  been 
alluded  to  elsewhere  (p.  373). 

The  existence  of  harlx)rs  about  the  coral-lx)und  reefs  Dana  attril)- 
uted  largely  to  the  action  of  tidal  and  local  marine  currents,  though 
the  presence  of  fresh-water  streams  may  have  contributed  toward  the 
same  end. 

He  rejected  the  then  popular  theory  of  the  formation  of  coral  reefs 
and  atolls  through  the  gradual  subsidence  of  volcan(H»s,  the  crater  cor- 
responding to  the  lagoon  and  the  rim  to  the  belt  of  land,  though 
believing  that,  beyond  (luestiou,  a  subsidence  had  taken  place  through- 
out a  large  part  of  the  Pacific,  and  hence  that  sul)sidenct»  must  form 
a  part  of  any  true  theory  of  the  origin  of  the  reefs. 

He  believed  that  the  atoll  once  formed  a  fringing  reef  a})out  a  high 
island.  This,  as  the  island  subsided,  became  a  barrier  reef,  which 
continue<l  its  growth  while  the  land  slowly  disappeared.  The  area  of 
waU»rs  within  finally  contained  the  last  sinking  peak,  which  itself 
finally  disap|)eared,  leaving  only  the  Imrrier  at  the  surface  and  an 
islet  or  two  of  coral  in  the  inclosed  lagoon. 

These  were  ess^Mitially  the  views  put  forward  independently  by  Dar- 
win. The  recent  work  of  the  younger  Agassiz  has  shown  them  to  lie 
not  wholly  correct. 

From  the  actual  extent  of  the  present  conil  reefs  and  islands  Dana 
inferred  that  the  whole  amount  of  high  land  lost  to  the  Pacific  l)y  this 
sulisidence  was  at  least  r)(>,(>iH)  square  miles,  probably  much  greater, 
though  he  would  not  go  so  far  as  to  conclude  that  a  continent  once 
occupied  the  place  of  the  present  oce^in,  or  indeed  of  a  portion  of  it. 

In  the  discussion  of  the  Hawaiian  volcanoes  it  was  not(Hi  that  no 
ap{>arent  connection  existed,  so  far  as  indicat4»d  by  the  phenomena  of 
eruption,  Ix^tween  Mount  Loa  and  Kilauea,  U>  miles  distant  and  more 
than  lo,(MM»  feet  lower.  It  was  therefore  concluded  that  the  two 
conduits,  which  he  assumed  wt»re  once  connect(»d  by"  a  fissure,  had 
liecome  isolated  through  the  solidifying  of  the  lava  between  them,  each 
conduit  l)eing  |)i)ssibly  a  separate  branch  of  some  deep-seated  channel. 

The  wide  difference  in  the  height  of  the  columns  of  lava  in  two  vol- 
canoes so  near  together  as  those  noted  alnive  caus(»d  him  also  to  dou!>t 
the  statement  so  commonly  made  by  writers  of  tliat  day  to  the  effect 
that  volcanoes  were  safety  valves. 
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AHsurtHlly,  if,  while  Kilaiiea  is  oiK»n  on  the  Hanks  of  Mount  I/»a  —  a  xnA  ^ulf  '.\\ 
miles  in  diameter  —  lavjis  still  rise  and  are  poure*!  out,  Kilanea  is  no  safety  valve 
even  to  the  area  covere*!  hy  this  sinj^le  mountain  alone. 

The  couclusions  based  upon  tlic  study  of  these  Hawaiian  volcanoes 
were  to  the  effect  that: 

1.  The  majorit}"  of  the  Pacific  volcanic  summits  were  formed  from 
successive  eniptionsof  molten  rock,  alternating  sometimes  with  cinder 
or  fragmentar}'  ejections. 

2.  That  the  eruptions  are,  in  general,  the  result  of  a  rising  or  ascent 
of  the  lavas,  owing  to  the  inflation  by  heat  of  such  vaix)rizable  sub- 
stances as  sulphur  and  water,  the  overflow  or  lateral  outbreak  taking 
place  in  consequence  of  the  increased  pressure  from  gravity  and  from 
the  elasticity  of  the  confined  vapors,  the  contraction  of  the  earth's  sur- 
face being  no  more  necessary  for  an  eruption  than  the  contraction  of 
the  sides  of  a  pot  of  water  to  make  it  boil. 

He  concluded  further  that  volcanic  action  usually  proceeded  from 
fresh  water  gaining  access  to  a  bninch  belonging  to  some  particular 
outlet  or  vent,  and  not  to  a  common  channel  at  great<?r  depth.  The 
lack  of  sympathetic  action  between  two  neighboring  vents  was  thus 
explained  on  the  ground  that  the  union  of  their  channels  '"took  place 
far  below  the  level  to  which  the  waters  that  ordinarily  feed  the  fires 
gain  access. '' 

To  the  elevation  theories  of  volcanic  cniters  advocated  bv  Von  Buch 
he  took  exception,  as  he  did  also  to  the  theor}'  of  Bischofl",  who 
appealed  to  the  internal  igneous  fluids  for  the  source  of  volcanic  action. 

The  highly  feldspathic,  coarsely  crystjilline,  and  solid  centers  of 
certiiin  volcanic  mountains,  in  contrast  with  the  more  vesicular  and  less 
dense  outer  portions,  he  rightly  ascribed  to  slowness  in  cooling,  the 
central  mass  being  protected  on  all  sid(\s  from  the  external  air.  Inci- 
dentally he  discussed  a  problem  which  has  become  known  to  modern 
petrogniphers  as  that  of  magmatic  ditf(»rentiation.  lie  argued  that, 
given  a  larg(»  cmter  like  that  of  Kilauea,  the  rise  of  the  lavas  through 
the  center  would  be  accompanied  by  a  descending  current  along  the 
side,  though  of  less  distinctness.  The  essential  constituents  of  a  rock, 
for  example,  being  augite  and  feldspar,  wherever  the  temperature  of 
the  liquid  mass  l)ecomes  sufficiently  lowered,  there  the  felds^xir  will 
connnence  to  solidify  or  will  slowly  stifl'en  in  the  midst  of  the  fluid 
material  made  up  of  the  other  ingredients.  Tnder  these  conditions 
the  ascending  vapors  would  urge  the  feldspar  upward  nuich  less  freely 
than  the  more.li(|uid  part  of  the  lava,  for  the  latter  would  yield  more 
readily  to  the  inflating  vapors  and  thus  become  lighter  and  rise  to  the 
surface.  This  process,  going  on  throughout  the  whole  progress  of 
the  cone,  would  keep  the  center  feldspathic  below  a  short  distance 
from  the  sun.mit.  The  residue  from  the  feldspathic  crystallization, 
consisting  of  ferruginous  silicates,  would  ))e  brought  upward  in  the 
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form  of  Si  frotliy  scoria  which  must  on  either  side,  in  imrt,  ivturn  to 
supply  the  j>lace  of  the  ascending  current.  On  cooling,  then,  the 
more  banaltic  portions  w(nild  constitute  this  exterior  descending  part. 
Thus,  a  feldspathic  center  and  basaltic  flanks  would  be  the  residt  of 
one  and  the  name  process.  This  feldspathic  center,  further,  by  being 
inclosed  within  a  thick  covering  of  rocks,  would  cool  slowly,  forming, 
p(*rhaps,  disseminated  crystals  in  the  earthy  base,  or,  if  cooling  suffi- 
ciently slowly,  a  crystalline  granular  mass  like  granite  or  syenite. 
He  recognized  the  fact — 

tfiat  particular  rocks  fiave  no  necessary  relation  to  time,  excepting;  so  far  as  time  is 
connet'ted  with  a  difference  in  the  earth's  temperature  or  climate  and  also  in  oceanic 
or  atmospheric  pressure,  for,  if  the  element^^  are  at  hand,  it  ret|uirt»8  only  different 
circumstances  as  regards  pressure,  heat,  and  slowness  of  co<jlinjj  to  form  any  ij^ioons 
rork  the  world  contains. 

The  date  of  the  beginning  of  volcanic  activity  on  the  Hawaiian 
Islands  he  placed  as  far  Iwick  as  the  early  Carl>oniferous  or  Silurian 
ejKK'h,  and  believed  that:  (1)  There  were  as  many  separate  rents  in  the 
region  as  there  are  now  islands;  (2)  that  each  rent  was  widest  in  the 
southeast  portion;  (3)  that  the  southernmost  rent  was  the  largest,  and 
(4)  that  the  order  of  extinction  of  the  volcanoes  wjis  as  follows: 

1.  Kauai. 

2.  Western  Oahu. 

8.   Western  Maui  (Mount  F^eka). 

4.   Eastern  Oahu. 

;*).   Northwestern  Hawaii  (Mount  Kea). 

r».  Southeast  Maui  (Mount  Kale-a-kala). 

7.  Southeast  Hawaii  (Mount  Loa). 

From  tlie  general  arrangen)ent  of  the  islands  in  the  Pacific  and  the 
study  of  the  phenomena  connected  therewith  the  conclusion  was  reached 
that  the  Hawaiian  group  originated  in  a  series  of  rents  or  ruptures 
seldom  continued  at  the  surface  for  a  long  distance,  but  frequently 
advancing  successively,  one  after  the  other,  causing  the  resultant 
islands  to  ap|K?ar  in  the  form  of  a  curve  rather  than  a  straight  line, 
and,  further,  it  was  announced  that:  (1)  While  straight  ninges  are  of 
<K'i-asional  occurrence,  curved  ranges  are  still  more  common;  (2)  that 
curvature  may  arise  either  from  a  gnuiual  change  of  trend  in  the  sub- 
ordinate jmrts  or  from  the  position  of  these  parts  in  a  series;  (3)  that 
the  same  great  chain  may  change  its  direction  tJo  or  more,  and  con- 
se<juently  (4)  tlie  course  of  a  mountain  chain  can  be  no  evidence  of  its 
age.  In  this  it  will  be  olrserved  he  differed  radically  from  Elie  de 
l^auinont. 

Dana  notini  further  tliat  the  Pacific  islands  were  arranged  mainly  in 
two  sy>tems  of  linear  groups  ne^irly  at  right  angles  with  each  other, 
the  linear  grcmps  lieing  based  on  a  series  of  ruptures  instead  of  a 
singh*  uninterrupted  fissure.     The  prevailing  uniformity  of  trend  of 
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these  fissures  or  ruptures  he  believed  to  he  due  V)oth  to  the  nature  of 
the  crust  fractured  and  the  direction  of  the  fracturing  forces.  He 
accepted  the  doctrine  of  an  earth  cooled  from  a  state  of  fusion,  and 
regarded  the  influence  of  electric  currents  on  the  position  of  conti- 
nents in  process  of  formation  as  an  established  fact.  An  outer  crust 
having  once  formed,  the  deep-seated  crystallization  would  go  on  at  a 
rate  inconceivably  slower,  and  circim)stances  would  be  favorable  for 
a  coarse  crystallization  of  the  material  below  and  for  the  operation  of 
electrical  currents.  The  rupturing  force  he  believed  to  be  contraction 
caused  by  cooling.  He  argued  that  a  cooling  globe  incrusted  over  by 
refrigeration  while  conti'action  was  still  going  on  beneath  would,  like 
a  Prince  Rupert's  drop,  be  in  a  state  of  tension.  Such  a  tension  is 
bound  to  produce  fractures  and  displacements,  the  direction  of  which 
would  depend  on  I'ate  of  cooling  in  different  parts  and  on  the  change 
in  the  earth's  oblateness  accompanying  a  diminution  of  its  diameter. 
He  concluded,  from  the  absence  of  volcanoes  in  the  interior  of  conti- 
nents, that  these  portions  of  the  globe  cooled  first  and  became  solid; 
the  intermediate  portions  cooling  later  and  at  a  less  rapid  rate  con- 
tracted most,  since  the  crust  was  here  thiiuiest.  The  oceanic  areas 
would  therefore  be  gradually  subsiding  and  the  tension  increasing: 
moreover  the  tension,  from  its  nature,  would  be  exerted  nearly  hori- 
zontally. He  inferred,  therefore,  that  the  subsiding  oceans  have  pro- 
duced the  mountains  of  the  continents,  and  that  the  oceanic  and 
continental  areas  have  never  changed  places,  and  saw  no  reason  for 
appealing  to  an  incomprehensible  subterranean  force  for  the  uplift- 
ing of  the  mountain  chains  or  the  continents.  Such  may  have  been 
••only  a  result  on  the  whole  of  the  deepening  of  the  ocean's  l)exl. 
It  is  obvious  *  *  *  that  the  earth  has  reached  its  present  con- 
dition by  gradual  progress  from  a  state  of  prolong<»d  igneous  action 
through  epochs  of  increasing  (luiet,  interrupted  by  distmt  periods 
of  violence,  to  the  present  time,  when  even  the  gentlest  oscillations 
of  the  crust  have  almost  ceased."*  These  same  ideas  he  had  previously 
put  forward  in  a  paper  in  the  American  Journal  of  Science  on  the 
Origin  of  son)e  of  the*  Physical  Features  of  the  Karth's  Crust,  noted 
elsewhere. 

In  his  discussion  of  the  origin  of  the  coal  beds  of  New  South  Wales, 
Dana  concluded — 

that  the  layers  of  the  coal  series  were  pmbably  deposited  by  fresh-waters  tluring  the 
different  stages  of  annual  floo<ls  and  wider  deludes  cK'currinj^  at  more  distant  perirxls; 
that  the  subsidence,  which  may  have  lx»en  gradual  during  tlie  coal  deiK>sit8,  finally 
submergini  tlie  whole. 

Another  important  observation   bearing  on   the  same  subject  wjts 
made  when  writing  on  the  geology  of  Luzon  and  its  coal  beds: 

One  of  the  interesting  points  aln^ut  this  lake  (Laguna  de  Bay)  is  the  fact  that  vast 
quantities  of  plants  live  on  its  surface  and  pass  down  the  river  into  the  bay,  carry- 


AMERICAN    (iKOLOdY DECADE    OF    184(»-184t).  427 

in^  aloii^  ^ivat  iiuiuIxth  of  frt*Hh-\vater  Hiiailw  of  «Iifft»rent  ^<J>et•ieH.  lk*ri' we  liave, 
therefore,  frt^h- water  sliellH  and  vegetation  which  in  not  marine  aiTunnilating  under 
salt  water,  for  thev  sink  after  a  while  and  must  l)ei-onie  hurie<l  in  the  nnid  of  the 
lK>ttoui,  along  W4th  the  remains  of  marine  life.  This  floating  vegetation  illuHtrates  a 
theory  with  regard  to  the  vegetation  of  the  coal  VrhIs. 

The  gold  excitement  of  California  in  1848-49  drew  attention  to  a 
region  the  geology  of  which  was  pnictieally  unknown.  Fremont's 
expedition  to  California  and  Oregon  in  1848-44  was  not  accompanied 

by  a  geologist,  and  the  few  fossils  collected  were 
California.  descritwd  by  James  Hall.     Some  Notes  on  the  Cali- 

1849*1851. 

fornia  Gold  Region,  six  pages  only,  were  given  by 
C.  S.  Lvman  in  the  American  Journal  of  Science  for  1849,  while 
J.  D.  Dana  had  touched  upon  the  subject  during  his  return  overland 
after  the  disaster  to  the  Wilkes  Exploring  Expedition.  The  main 
gold-bearing  area  was,  therefore,  practically  an  unknown  land.  The 
appearance  in  1S50  of  Philip  T.  Tyson's  Geology  and  Industrial 
Ri\sources  of  California  was  consequently  important.  Tyson  seems 
to  have  gone  to  California  in  1849  as  a  private  citizen,  but  so  great 
was  the  demand  for  information  concerning  the  region  that  on  his 
return  he  made  a  report  to  Col.  J.  J.  Al>ert.  which  was  printed  as  a 
Senate  document  the  year  following. 

In  this  report  Tyson  gave  eight  sections  across  the  gold  country, 
two  of  which  extended  from  the  coast  to  the  Sierras.  These  were  pub- 
lished as  mere  outlines,  showing  the  direction  of  the  dip  of  the  rocks, 
but  with  no  pretense  to  scale.  He  described  the  western  flank  of  the 
Sierras  as  consisting  of  a  vast  mass  of  metamorphic  and  hypogene 
nnks,  stretching  from  the  Sacramento  Valley  to  the  axis  of  the  moun- 
tains. The  metamorphic  rocks,  mainly  slates,  contained  the  veins  of 
auriferous  «juartz,  through  the  breaking  down  of  which  had  been 
derived  the  gold  found  in  the  gravels  of  the  ravines. 

Making  all  due  allowance  for  Tyson's  laudable  desire  to  check  the 
wide  and  rapidly  spreading  excitement,  bordering  almost  uiK)n  insan- 
ity, caused  by  grossly  exaggerated  accounts  of  the  richness  of  the 
mines,  still  it  would  seem  as  if  through  overzealousness,  or  perhaps 
through  a<*tual  ignorance,  he  imde rest i mated  their  value,  lM)th  to  his 
own  and  others  detriment.  But  it  nuist  lie  ren)emlH»re<l  that  at  that 
time  and  in  that  remote  region,  deposits,  either  placer  or  in  veins, 
that  could  to-day  Ik*  profitably  worked,  were  valueless.  He  warned 
pros|K*rtive  investors  that  the  large  bcxiies  of  gold-l>earing  (juartz  found 
on  the  surfa4*e  would  if  followed  l>e  found  to  l)e  •*  nothing  more  than 
desi-ending  veins  securely  held  Ix^tween  solid  rocks,  and  that  the  cost 
of  mining  such  was  enormous,  whilst  the  chances  were  almost  wholly 
again>t  their  containing  gold  in  proportion  that  would  pay  expenses."' 
Indetnl,  Tyson  n»garded  the  pros|>ect  of  a  profitable  mining  of  the 
veins  as  '•altogether  too  remote  and  uncertain  to  be  relied  on." 
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Diiiiiitr  the  sf^ssidti  of  [Ki7-4S  the  IcKislntun- of  Marvlaiut  imi«si-<1  iin 
iu-t  i»rnvi(lrii}j  for  ihc  iip{M)iiitiiieiit  hiiH  coiiiniU-'ion  of  ii  "iwrsoii  of 
ahility,  intcfrritv.  iiiid  suitalilG  practical  luid  s<-ii-iititic  attainments." 
Hisein*'*  Work  Id  "''°  j^'khiW  tu't  ^  agik-ultiiml  cheiiiiiit  for  the  State. 
Ts^-'Tsss  These  requirements  seem  to  have  been  met  in  the  per- 

son of  Dr.  .fames  Higgins,  who  received  the  appoint- 
ment and  held  the  office  until  1858,  during  which  time  he  issued  five 
reports.  'I'he  office  was  not  really  a  geological  one,  and  the  matter  is 
mentioned  here  as  hearing  upon  the  subject  only  indircetly.  During 
the  session  of  185S  liills  were  brought  Iwfore  the  legislature  to  have 
the  title  of  the  office  changed  to  ijiido^tut  and,  again,  to  chemist  and 
{feii/"!/ist.      Both,  however. 


ceeded  in  186it  l)y  the  I'hilip 
Tyson  alxjve  noted,  whose  first  report  of  145 
octavo  pages  and  api>endix  of  20  pages  was 
issued  February  14, 1860.  Like  the  reports 
of  his  predecessor,  this  was  given  up  very 
largely  to  a  discussion  of  agricultural  ques- 
tions, but  contained  chapters  on  the  Min- 
erals Comprising  the  Rocks  of  the  State; 
The  Mineral  Character  of  Rocks;  The  Con- 
sideration of  the  Rocks  as  Gi-ouped  into 
(icologicul  Formations,  and  also  their  (ieo- 
graphic  Distribution  in  Maryland:  and  on 
Chemical  and  Physiciil  Geology,  in  which 
origin   of   soils   through   rock  weathering  wa.'; 


—Philip 


the  . 


of    the 


question 
discussed. 

The  main  interest  in  the  work,  from  our  present  standpoint,  lies  in 
tlie  colored  gcologicjil  map  (and  sections)  wiiich  accomimnied  it,  and 
which  had  the  merit  of  IxMiig  the  first  special  map  of  the  Stat*',  the 
aiva  having,  of  course,  been  include<l  in  the  general  maps  of  Maclure 
and  others.  The  various  formations  were  classified  accoi-ding  to  the 
scheme  of  Rogers  for  the  map  of  Pennsylvania,  and  a  table  given 
showing  which  of  these  were  foiuul  within  the  State  limits.  The  second 
report,  which  appeared  in  IS'W.  comprised  'J-2  iwigcs,  and  was  given 
over  almost  wlxilly  to  a  disius.iion  of  economic  questions,  including 
the  soils  and  ores.  coal,  nuirlites.  clays,  etc.  From  the  presence  of 
fossil  cycads.  found  associated  witb  the  iron  ores.  Tyson  was  dis{)osed 
to  consider  these  and  the  days  in  which  they  occur  as  Is'lontring  to  the 
oolitic  |X'ri<id. " 


il  Sun,. 


H  [Hi[>tT  in  the  Ninelivnth  Amnml  Ke|Hiri 
IrtitJ-  tlit'se  down  as  Cretaceous  (rut')nuii'  I. 


CHAPTER  V. 

THE  ERA  OF  STATE  SURVEYS,  THIRD  DECADE.  1850-1859. 

The  period  of  financial  depression,  which  proved  so  fatal  to  the 
State  surveys  during  the  last  dejade,  had  run  its  course.  Seveml 
new  States  had  in  the  meantime  }>een  added  to  the  Union,  some  of 
which  showed  commendable  promptness  in  authorizing  geological  sur- 
veys. New  organizations  were  thus  formed  in  fourteen  States,  eight 
of  which  had  made  no  previous  attempt.  These  eight,  in  alphaln^tical 
order,  are  California,  Illinois,  Iowa,  Kentucky,  Mississippi,  Missouri, 
Texas,  and  Wisconsin.  Six  States  for  the  second  time  undertook 
the  work — Michigan,  New  Jersey,  North  and  South  Carolina,  Ten- 
nessee, and  Vermont.  The  National  Government  was  also  active,  the 
most  im{H>rtant  undertaking  IxMng  the  surveys  in  connection  with  the 
projK)sed  Pacific  milways.  In  addition  to  these,  Capt.  K.  B.  Marcy 
made  a  survey  of  the  Red  River  region  of  Louisiana,  Maj.  W.  II. 
Emory  one  of  the  Mexican  l)oundary,  and  Colonel  Pope  one  into  the 
arid  regi<m  of  New  Mexico  along  the  thirty -second  parallel.  To  each 
and  all  of  these  expeditions  geologists,  or  at  least  naturalists,  were 
attached.  In  the  British  provinces  Ix)gan\s  survey  was  doing  g(H)d 
si»rvice,  while  Dawson,  alone  and  unofficially,  was  working  in  Nova 
S<-otia. 

This  yfHs  an  era  of  puV)lication,  not  merely  of  reports,  but  of  books.  -^ 
Emmons's  American  Geology,  Dawson's  Acadian  (Jeology,  Hitchcock's 
(teology  of  the  Globe,  I^esley's  Manual  of  Coal  and  his  Iron  Mami- 
fa<*turer's  friiide,  Owen's  Key  to  the  Geology  of  the  Globe,  and  Whit- 
ney's Metallic  Wealth  of  the  United  States  were  among  the  more 
im|x>rtant  local  pro<luctions.  The  publication  of  by  far  the  great<'st 
importance  of  this  decade  was,  however,  the  long-dc»layed  report  of 
the  Pennsvlvaniasurvev,  to  which  allusion  has  Ikm'u  made  els<»where 
two  jxmderous  (piartos  which  were  tridy  eiM)ch-making.  although 
many  of  the  more  striking  features  had  found  tln'ir  way  into  print 
els4»where.  The  issuance  of  Murchison's  Siluria,  the  ninth  edition  of  / 
Lyell's  Principles,  and  K.  Roemer's  Die  Kreidebildungen  von  Texas 
were  also  matters  worth v  of  note  Hit<*hc<M-k's  Surfae*'  Features 
lN»lf»ngs  to  this  era,  and  inarktMl  the*  l>eginning  of  >ystt'nuiti<"  study 
along  lines  of  physiography.  Among  the  new  names  will  Im»  found 
those  of  W.  P.  Blake,  J.  W.  Dawson,  Iah>  Ix'sipiereux,  ()s<»ar  l/K»ber, 
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Wiiliani  Lu^n,  James  (i.  Perciviil,  J.  S.  Newberry,  flames  Safford, 
(t.  V,  Swallow,  Alexander  Winchell,  and  Amos  H.  Worthen. 

An  agricultural  and  geological  survey  of  Mississippi  was  inaugu- 
mted  in  connection  with  the  State  University  through  an  act  of  the 
legislature  approved  March  5,  1850.  Under  this  act  Dr.  John  Mil- 
Miiunffton  and  Hngton  was  appointed  professor  of  geology  and  agri- 

MiMStfppi^risia-  <*ulture,  in  connection  with  the  professorship  of 
^®"'  chemistry,  which  he  already  held.     Professor  Milling- 

ton,  however,  relinquished  the  situation  the  latter  part  of  1850  with- 
out having  made  a  report,  and  in  1852  was  succeeded  by  Prof.  B.  L.  C. 
Wailes.  Professor  Wailes  made  but  one  report,  this  an  octavo  vol- 
ume of  356  pages  and  an  appendix.  Of  this,  but  pages  2i)7  to  288 
deal  with  matters  strictly  geological.  The  work  is  by  no  means  of  a 
high  order  and  made  no  permanent  impression  upon  the  science  of 
geology  either  in  the  State  or  country  at  large.  His  colored  sections 
are  crude  and  the  language  pedantic.  In  fact,  there  is  scarcely  a  sin- 
gle original  observation  which  can  be  unhesitatingly  accepted,  owing 
to  the  general  air  of  unfamiliarity  with  the  subject  that  everywhere 
prevails. 

He  made  no  attempt  to  classify  the  rocks  he  described  otherwise 
than  Cretaceous,  Tertiary  %  and  Quaternary,  and  inferentially  classed 
among  the  latter  the  sandstones  of  the  Gmnd  Gulf  group,  which  he 
mentioned  as  overlying  the  Diluvial  gravel.  He  traced  correctly, 
according  to  Hilgard,  the  northern  limits  of  Grand  Gulf  formation 
from  the  Mississippi  across  the  Pearl  Kiver  to  Brandon,  and  described 
its  occurrence  in  southwestern  Mississippi. 

In  Isol  Kbenezer  Kmmons,  hen^tofore  connected  with  th<»  survey  of 
New  York,  was  appointed  State  geologist  of  North  C  arolina,  a  posi- 
tion he  continued  to  hold  until  the  time  of  his  death  in  lsr>8,  though  the 

work  of  the  survev  came  to  a  close  in  ISOo,  owing  to 

E.   Emmons's  Work  ii-i'-m  j^  'ii 

In  North  Carolina,      the  Outbreak  of  the  Civil  war.      hnunons  was  assisted  bv 

1851. 

his  son,  Ebenezer  Emmons,  jr.,  and  during  his  period 
of  otiice  issued  live  reports,  the  first,  bearing  the  date  of  1S52,  forming 
an  octavo  pamphli^t  of  ISl  ptiges.  It  related  principally  to  tin*  geology 
of  the  eastern  counties  and  the  coal.  Emmons  recognized  the  fact 
that  the  coal-bearing  rocks  of  North  Carolina  were  not  of  the  same  age 
as  thos<»  of  Pennsylvania,  and  regarded  them  as  presumably  of  the 
same  age  as  those  of  the  Richmond  coal  fields,  which  at  that  time  wert» 
thought  by  Prof.  W.  B.  Hog(»rs  to  b(»  Liassic,  though  Emmons  (jues- 
tioned  if  they  might  not  f)e  Permian  or  Triassic. 

The  finding  of  saurian  remains  in  the  sandstont's  hv  icgardcd  as 
|)ointing  to  their  p>ssibl«»  P(M'mian  age.  though 

Tilt' iiK*ai;t*r  list  (if  plants  au<l  animals  *  *  *  furnis^  oij|\  <_'i(iim«i>  lor  rnnj«*<*- 
tun*  to  what  agt»  tho  formations  In-lon^.  Mv  (»|>inioij,  «l('ri\«*«l  iimn  all  tlu*  lartsand 
circumstaiU'CH  known  to  me,  ini'linen  me  to  adopt  the  Ix'lief  that  it  is  the  upper  New 
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K(hI  Haii<l8t<>iu-.  Still,  if  the  KiclHuoiid  coal  hai*'\n  is  of  the  Haiue  age  an  the  coal  rocks 
of  Nortli  Carolina,  >ft*ologistH  will  Iw  <HHi)OHe(l  to  placid  the  Herie«  along  with  the 
<  >olitc»8  or  Liaj*,  a**  ]*n)f8.  W.  B.  Rogern  and  Sir  Chan.  Lyell  have  <lone.« 

Kniiiions  in  this  work  rejected  completely  the  old  Werner itm  cla^^isi- 
tieation  of  (1)  Primitive,  (2)  Tmnsition,  and  (3)  Tertiary,  and  intro- 
duced that  given  in  talnilar  form  l)elow.  It  seems  to  have  met  with 
little  favor,  and  was  not,  so  far  as  the  present  writer  is  aware,  adopted 
in  a  single  insta-  ce  elsewhere. 

emmons'k  r<k'k  clahhipication,  proihwed  in  1852. 

1.   Pyrocryptalline — cry8tallize<l  by  the  agency  of  fire.     Primary  of  autlu)rH. 
II.  Pyroplastic — molded  by  fire.     Ancient  and  mo<leni  volcanic  rock  of  aiithorn. 
III.  Hydn)plai*tic — molde<l  by  water.     Sediments  of  authors. 

The  first  class  is  divided  into  two  sections: 

1.  rnstralifie<l  pyrocrystalline,  ai<  granite,  hyperHthene  n»ck,  pyrfK*ry»talline  lime- 
stone, Hienite,  magnetic  iron  ores. 

•J.  Stratifie<l  pyrfRrryntalline  gneiss,  mica  slate,  talcow  slate,  and  hornblende 
steatite. 

The  second  class  is  divided  into  two  .sections,  also: 

I.  Minlern  pyroplastic  rm^ks,  lavas,  tuffs,  pumice,  and  all  the  pnMlucts  of  volcanoes, 
which  are  cooled  in  the  air. 

'J.  An<Ment  pyroj)lai?tic  rocks,  the  ancient  lavas,  fo<ile<l  under  water,  basalt,  por- 
phyry, and  griHMi  stone. 

The  third  class  is  divided  into  svstems,  most  of  vvhi<'h  are  admitted 
l>y  geologists  of  this  day. 

The  systems  U^longing  to  the  class  of  hydroplastic  rocks,  the  con- 
solidateil  and  loose  sediments,  are  exhibited  in  the  following  table: 

I.  Tertiarv  svstem: 

1.  PoHtpIitM'ene. 

2.  Pli«H*ene. 
:i  MicM-ene. 
4.   h^H'ene. 

II.  Cn*taceou«  svstem : 

1.  I'pjier  CretaciMUis,  incluiling  the  true  chalk,  with  Hints. 

2.  Ix)wer  Cretait^nis,  including  the  gnt»n  sand,  iron  san<ls,  etc. 

III.  Wealdon,  unknown  in  the  rnit«'<l  States. 

IV.  (>ilite  and  Lias. 

V.   New  K«*<1  Sandstone  <»r  Trias: 

1.  rp|K*r. 

2.  .Middle. 
i».   l^»w«*r. 

"At  a  meeting  of  the  lioston  Sn'iety  of  Natural  Histor>  on  January  4,  1H.'>4,  l*rof. 
W.  H.  il4ig(*rs  suuniie<l  up  the  <*\iden<*e  r«*gitnling  the  nil  sjindstone  of  \'irginia  and 
North  ('an»lina.  and  found  it  **to  rontirm  the  «*on«-lusiou  of  their  .lurassir  date." 
flu*  f«ir**iU  thus  far  formiHl  in  the  mon»  wi*stern  n*<l  sandstone  Iwlt  and  its  extension 
thntugh  Pennsylvania  and  Ne\^  .Iers4'\  showc^l  this  alH>  to  !>«•  .lura.^'sir.  a  little  lo\^cr 
proUibly  than  that  of  Virginia  and  North  Camlina.  He  felt  that  there  was  litth* 
diMibt  but  that  the  aanie  conclui*ions  would  apply  also  to  the  sandstone  of  the  Omi- 
nt*<'ti<-ut  Vallev. 
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VI.   Permian  Hvsteni. 
V I  r .  Carbon  if  eroiia  k  vHtvm. 
VIII.  Devonian  system. 
IX.  Silurian  system. 

1.  Upper. 

2.  Lower. 

X.  Taconic  system. 

Emmons's  second  report,  comprising  351  pages,  was  issued  in  185*>. 
It  related  chiefly  to  the  geology  and  mines  of  the  so-called  midland 
counties.  In  1858  his  Report  on  the  Agriculture  of  the  Eastern  Coun- 
ties was  issued.  About  one-third  of  this,  notwithstanding  its  title, 
was  given  up  to  pa  leon  to  logical  matters.  In  1860  two  more  reports, 
both  short,  appeared — the  one  devoted  mainly  to  agriculture  and  the 
other  a  special  report  on  the  swamp  lands. 

In  the  report  for  1858  Emmons  announced  a  principle  which  has 
since  been  enunciated  in  somewhat  different  words  bv  our  most  emi- 
nent  authoritv  on  soils.     This,  in  his  own  words,  is  as  follows: 

In  the  examination  of  soils  the  physical  properties  require  as  much  attention  as 
the  chemical,  for  in  order  that  a  good  chemical  mixture  of  elements  may  be  fertile 
they  should  i)os8e88  a  certain  degree  of  adhesiveness  or  closeness  which  will  retain 
wat^r. 

A  good  deal  of  att^^ntion  was  given  to  the  marls  of  the  State  with 
reference  to  their  availability  for  fertilizing  purix)ses,  though  he 
recognized  the  fnct  that,  unfortunatel}^  for  the  best  interests  of  agri- 
cidture,  these  marls  are  too  sandy  to  bear  tmns}X)rtation  to  distant 
points. 

A  geological  survey  of  Illinois  was  organized  under  an  act  of  the 
gcneiiil  assembly  approved  February  17,  1851.  This  act  authorized 
the  governor,  auditor,  and  treasurer  to  emplo}'  a  competent  geologist, 

who  WAS  required  to  make  ^''a  complete  geological 
ii8noSr*i85i-i857.   ^"^'  uiineralogical  survey  of  the  entire  territory  of  the 

State/'  and  provided  that — 

The  said  j^eulogist  should  procee<l  to  ascertain  the  order,  successive  arrangement, 
relative  |Mjsition,  dip,  and  comparative  magnitude  of  the  several  strata  or  geological 
formations  in  the  State,  and  to  search  for  and  examine  all  the  beds  and  deposits  of 
ores,  <"oals,  clays,  marls,  rocks,  an<l  such  other  mineral  substances  as  may  present 
themselves;  to  obtiiin  chemical  analyses  of  the  same,  and  to  determine  by  baromet- 
rical ol)servations  the  relative  elevation  of  the  different  portions  of  the  State. 

He  was  also  retjuired  *'*to  procure  and  preserve  an  entire  suite  of 
the  different  specimens  found  in  the  Stat€,  to  be  preserved  and  prop- 
erly arranged  in  a  cabinet,  and  placed  in  the  office  of  the  secretary'  of 
state  in  the  State  Capitol;''  and  eventually  "to  publish  with  the  linal 
reports  a  geological  1  map  of  the  State." 

rnder  the  provisions  of  this  act  Dr.  J.  (r.  Norwixnl  was  iip|K>inted 
State  geologist,  and  the   work  was  begun   in   Octobi^r,   1S51,   by  an 
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t^xmniiiiitioii  of  the  formations  expowd  in  the  bluffs  of  the  Ohio  River 
lielwefn  Shawneetown  and  (^iro. 

The  act  appropriated  the  sum  of  $3,IH«J  ii  yeai'  for  earrying  on  tlie 
work.  In  1853  the  amount  was  increased  to  $5, (MR),  with  $500  addi- 
tional for  topographical  purposes.  Up  to  .Taiiuary.  1857,  some 
♦2",fM'n  had  been  expended,  thoufjh  no  reiwrt  appears  to  have  been 
made. 

The  usual  trials  of  a  State  geologist  seem  to  have  come  upon  the 
path  of  Mr.  Norwood  and  i>erhai>«  some  that  wei-e  unusual.  Be  that 
as  it  may.  a  committee  was  appointed  to  investigate  the  conditions  of 
the  office.  The  committee  reported,  however,  that  in  their  belief  the 
money  had  been  well  expended,  a  large  amount  of  work  had  been  done, 
and  that  well  done,  and  they  recommended  iin  appropriation  of  the 
sum  of  $fi,500  to  enable  Mr.  Norwood  to 
complete  a  report  on  the  economic  resources 
of  the  State,  on  which  he  was  then  engaged. 

The  i-ep«jrt  of  the  committee  seems,  how- 
ever, to  have  failed  of  its  purpose,  since  the 
only  outi'ome  was  a  small  octavo  pamphlet 
of  less  than  lOO  pages  devoted  wholly  to  a 
discussion  of  the  coals  of  the  State,  accom- 
panied by  a  considcnible  number  of  analyses. 
,  This  report  l>ore  the  date  of  1857,  and 
was  Norwood's  last  as  well  as  first."  It  was 
acconijianied  by  a  small,  one-page,  colored 
geological  map  of  the  State. 

Presumably,  all  members  of  the  legisla-  Kifi,!i2.-j.iwphGninviLiiNorwi«rt. 
ture  were  not  as  favorably  disposed  towani 

Doctor  Norwood  as  were  the  meml«;rs  of  the  investigating  committee, 
for  the  following  year  (185K)  he  was  supplanted  by  Mr.  A.  H.  Worthen, 
who  had  been  connected  with  .lames  Hall  on  the  State  survey  of  Iowa. 

In  1832  the  question  of  the  ree.stablishment  of  the  geological  sur- 
vey of  iudiana  was  agitated,  but  nothing  came  of  it  until  the  following 
year,  when,  acting  under  a  recommendation  of  Governor.!.  A.  Wright, 
the  legislature  made  a  small  appropriation  to  l>ccome 
Oniogtci  Surrey  oi  available  in  January,  1854.  With  this  for  a  beginning, 
the  governor  ap[>ointed  Dr.  Kyland  T.  Bi-own  State 
geologist.  The  venture  was,  however,  short  lived.  Brown  made  but 
one  report,  which  the  legislature  refused  to  publish,  and  at  the 
,-ame  time  refused  further  appropriation  for  continuing  the  survey. 


"  111  1855  Norwooil,  in  coniiecliou  with  Mr.  Henry  I'alton,  |)ubli8he>i  in  the  Jour- 
nal of  the  AcBilemy  of  Natural  Scienct^  a  paper  ooiiiprising  80ini!  77  ))agefl  of  text 
relating  lo  the  work  thus  far  ilone. 
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tlie  main  reason  given  for  hiicIi  action  being  an  overvaluation  of  tho 
Indiana  coals  on  the  part  of  Brown.  The  report,  it  should  be  men- 
tioned, was  Hulwequently  publituhed  in  the  report  of  the  board  of 
agricidture. 

in  ISAS,  ill  coniplianctc  with  a  resolution  of  the  Unit<>d  States  Senate. 
Capt.   R.  li,   Marey  was  directed  to  proceed  "  without  uniiece8»ary 

.  delay  "  to  make  an  examination 

f]l        of  the  upper  Red  Kiverandthe 
country  immediately  bordering 
upon    it    from 
wwkln"!*!?.'*       the   mouth   of 
Cache     Creek 
to  its  sources.     The  officers  of 
the  expedition,  which  left  Fort 
Itclknap,  Texas,  on  the  2d  of 
May,    consisted    of     Captain 
Marcy.  in  charge;  Bvt,  Capt. 
i     Oeorge  B.  McClellan,  U.  S.  En- 
E     gineer;  andDr.G.CJ.Shumurd, 
'     the  last  named,  in  addition  to 
g     his  duties  as  surgeon,  acting  as 
s     naturalist.     The    report    sub- 
I     iiiitted  formed  an  octavo  vol-  * 
^     unie  of  3dO  pages  with  65  plates, 
I     of  which  as  may  Ih?  considered 
I     as  gcologiciil,  t)  of  these  l>eiiig 
=     of    iiivertelirate    fossils.     The 
y     geolopicHi    part    proper   com- 
.;     i)rised    but    '.i-2    pages,    which 
*■     were     by     Piesideiit    t^lward 
Hiti-hiock.   of    Amherst   Col- 
lege.    Tile  invertebrate  fos.sils 
were  descrilied  by  B,  K.  Slm- 
nmrd. 

Dr.  (i.  (i.  Shmnard's  rej>ort 
coiisi.sf  ed  <)f  ik  brief  siumiiary  of 
tile  ge<ilogy  <)f  a  portion  of 
nsitlered  us  essenlial  to  a  proper 
til  follow,  succeeded  by  memo- 
,  minerals,  and  formations  )».SM-d 
ed  by  a  colored  geological  sec- 
1  Wasliiiigtoii   Ccniiity,  Arkansas, 


northwestern  Arkansas,  which  he  cc 
understanding  of  that  which  was 
ninda  of  the  various  t}"l>es  of  rocks 
over  each  day.  It  was  accoin)Hiiii 
from   Fort  1^-lknap,  Texas. 


showing  a  granitic  axis  tianked  on  either  side  by  Carboniferous  lime- 
stone. In  it-i  tni'n  overlaid  by  Coal  Measuivs,  and  with  Cretaceous 
de{H>.sits  Ix'tween  Fort  Wichita  and  Cross  TiuiU-rs  iti   Texas. 
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III  tho  pHlcoiitologk-Al  rop<)rt  \>y  Dr.  B,  F.  Shuniiii'd  thiTp  wi-ie 
descril)eti  CHrtx>niferou«  fiwwiU  from  ^Vashint;toii  and  Crawford  couii- 
lioN,  ArkaniwH,  and  Cretaceous  forms  from  Fort  WU-hita  and  the  Cross 
TinilK-rs  regions  of  Texaj*. 

Hitchcock,  in  his  reiwrt,  dwelt  parti<'iilHrly  on  the  jwstiihie  Cai'lM)n- 
iferoiis  age  of  variouM  lieds  of  eoal,  repoiled  by  Shumard,  and  the 
economic  .value  of  the  {fypsiiiii,  as  well  an  the  ores  of  ccipjMT  iiiul  gold. 
His  reference  to  the  canyons  of  the  Red  River  is  jNirticiilurly  intercst- 
in((  in  view  of  his  early  writings  regarding  the  Conne<-ticut  (p.  3ln): 

Y<iii  tvem  in  duuht  whether  this  p>tKe  vax  wnrii  «way  liy  the  rivi-r  or  U  llie  roHill 
iif  Boim-  ]«rDxyen)al  conviiNoii.    You  will  allow  im- 1< 
■loiiht  thnt  Ihe  Htream  iti^if  hux  lioin-  the  work.     Tl 
HtTvaiii  (■iiten)  the  main  river  it  iiuhmch  thmuifh  a  Irili 
phow  i-nni'lilMvely  tliat  Ihitm  )p)rf[e)'  were  j>ro<liu'eii  li; 

Two  i»apcrs  on  the  subjects  of  rock  decay 
and  erosion,  of  this  year,  are  worthy  of  con- 
sidcratiim.  Prof.  Oliver  1*.  Hulilmrd.  of 
Diirtnionth  College,  during  a  study  of  the 
Irap  dikes,  noted  that  the  same  could  lie 
traced    rtintiniiouslv   across 

naMiwd  and  Dnw 

"jiSjb«Hrf  the     country,     at    varying 

levels,  from  mountain  top  to 
valley  Iwttom.  From  this  fact  he  argued 
that  the  valleys  had  l>een  carved  out  through 
decomposition  and  erosion  since  the  dikes 
were  forine^l.  The  difference  in  altitude  at 
the  various  outcrops  gave.  then,  a  iiicasun^ 
of  the  amount  of  erosion. 

Dana's  oliservations.  though  of  a  some- 
what different  nature,  were  none  the  less  interesting.  In  writing  on 
denudation  in  the  Pacific,  he  took  the  groiiiKl  that  the  ihchii  is  {M)wer- 
Icss  ttt  excavate  valleys  along  the  coa.it.  and  that  the  deep  valleys 
like  those  of  Tahiti  are  due  to  sulwrial  dwomimsition  and  erosion, 
un  oliMer\'ation  no  geologist  of  to-day  would  venture  to  douht. 

In  March,  1H5S,  liy  resolution  of  the  senate  of  the  State  of  Califor- 
nia. Dr.  John   B,  Trask  was  called  ii|>on  Ui  furnish  itifonim(i<Mi  in 
n'lalion  l<i  the  geology  of  the  Stale.      As  a  result    I)<><lor  Trai-k  sub- 
<i_fa.i«i     '"'"'■*'  "mlerial  issued  in  a  {lamphlet  i>f  8u  jHiges.  piib- 
Va^t!^  lished  liv  the  Hssemblv  in  the  session  of  isr>:i.     Ilv  a 

CaHtaraU.  IMS.  ,  .    ,'  - 

joint  resolution  wliicli  jtasM'a  tiie  senate  aiitl  assembly 
on  May  <>.  lS5:-t.  Trask  was  aiithoHiied  to  make  a  further  fxamination 
of  some  parts  of  the  Sierra  Nevada  and  Coast  Raiig<'  mountains.  .V- 
a  n*sull  of  this  and  subsetjiient  a<-ts  there  were  issued  n'[iorts  on  ihe 
geology  of  the  ri'gion  menlioned  in  |N.'>4.  Isr>;>,  and  l»ol!. 


T  I'l.jM.m  lliil 
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Tlw  clas.sitii-Htion  adopted  by  Tnusk  wais  that  of  tlu;  older  geolojfists 
of  his  time,  the  rtn'ks  being  divided  merely  into  Primary,  St'coudary. 
and  Tertiary.  Although  fossiU  were  found,  he  did  not  attempt  to 
describe  them,  and  seemed  in  most  cases  to  fail  to  realize  their  value 
as  indicative  of  any  particular  geological  horizon.  His  ideas  regard- 
ing metamor])hiHm  were  somewhat  crude.  Thus,  he  stated  in  his  first 
report : 

ll  is  H  well-knriwn  iact  that  iiitnuiivc  (liken  <if  trap  in  [lawiiig  thruu^ch  limestone 
will  c'liauKf  till-  lakareous  fomiHtion  to  true  talt-oee  nn-kii. 

He  divided  the  .Stjite  into  three  divisions:  First,  a  primary  or  cen- 
tral district,  included  Wtween  latitude  38"^  3ii'  and  40°  north;  .second. 
the  northern  district,  included  between  it)-  and  42'^  north;  and  third, 
the  southern  district,  included  l>otween  3S-  30'  and  3^^  north.     The 
rocks  of  the  prinmry  district,  he  stated,  are 
for  the  most  part  primitive,  being  composed 
^^^■^^  of  gninite,  i)<)rphyry,  trap,  and  other  allied 

^^  ^L  rocks,  of  which  seipentines  form  the  one 

^^1  ^^^         important  part.     The  sedimentary  rocks  of 

^^H  ^9^'^^r  ^^^  district  were  divided  into  fii'st,  ai^elite 

^^^    ^Bf  (xu-)    slates;    second,    conglomerates;    and 

^^^^^V-  third,  sandstones,  the  last  named  being  re- 

^^^^y^^  garded  as  probably  of  Miocene  age. 

f^^^^^  The  rocks  in  the  northern  district  were 

^^■■^^^^^^^^     described  as  of  essentially  the  same  charao- 
^^^^^^^^^^^Brt     tcr.a  few  minor  differences  only  t>etng  noted. 
J^^^^^^^^^^^^^^     The  southern  dlsfrii-t  contained  many  rncks 
Fill  .vi.^jiihii  BoiiKiinan  Tm>i:       iu  couHiion  with   the  otlicr  two,  although 
there  were  in  addition  nniny  basaltic  area.s. 
stone  in  the  arcu  In-tween  the  .\merican  and 
I'ncc  of  iit  !i'a-t  three  >uccessivc  periixls  of 
ti  this  iKirtion  of  the  continent. 
s  second  report  iie  described  the  {jeology  i>f  the  most  elevated 
s  of  the  counties  of  Butte,  .Sierra,  Vnba.  Nevada,  and  Placer; 
(hern  counties  of  Sun  Francisco.  Santa  Clara,  Hanta 
the  north  part  <)f  San  Luis  Obispo.  Tulare,  Mari- 
Contni  (■<)stn,  mid  Sun  Joiuiiiin.     During 
S'dvcinber  he  visited  Nevada  and  t'ahiveras 
)ost- Pliocene    fossils    in 


He  foun«l  ,: 
Merced  ri\ 
upheaval  i 


V  lit] 


porti. 

also  till-  more  s<j 

Cruz.  Monterey 

[M>sti,  Tuohiimie.  Aliunoda. 

the  months  of  ( )cti>l>er  and  November  li 

counties.      He  jioiiited  out  the  ])resei 

argillaceous  sariilstone  of  the  Coast  inountaiii>  between  Point  l*inos 

and  Nacismiento  Jtiver,    He  divided  thcTortiarv  rocks  as  below: 
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IN'ricMl.  (ironp. 


When'  fouml. 


Kiwfiie Mi(idl<* Calavera**  County,  at  MurplivH  ami  other 

I       localitieH.     BoneH  of  extinct  aninialn, 
et<'. 

MirM'ene |  North  and  south  of  San  FranciBco  in  the 

Coast  and   Monte   Diablo  mountains. 
Consisting  of  marine  shells,  with  most 


Pliocene I^^wer. 


of  the  species  extinct. 


Coast  mountains  and  Gabilan  Spur. 
Also  in  cavern  dejxjsits  in  Calaveras 
County. 

Post- Pliocene Southwest  of  Monterey.     Marine  shells, 

all  of  existing  sjjecies. 


He  had  no  hesitation  in  Haying  that  no  coal  would  be  found  in  an}" 
part  of  the  Coast  Range  south  of  the  thirty-lifth  parallel  of  north 
latitude,  though  the  presence  of  a  supposed  Carboniferous  limestone 
in  ShastJi  County  led  him  to  express  a  hope  that  the  desired  material 
niit^ht  3'et  he  found  within  the  limits  of  the  State.'*  In  his  report  for 
185.")  the  predominating  fossiliferous  rocks  of  San  Luis  Obispo  and 
Santa  Barbara  counties  were  considered  to  be  of  Miocene  age.  The 
San  Bernardino  Mountains  were  described  as  made  up  for  the  most 
part  of  primitive  rocks,  granite  foniiing  by  far  the  larger  part  of 
their  highest  ridges  and  peaks. 

In  this  connection  it  is  well  to  note  that,  at  the  request  of  A.  D. 
l^iche,  of  the  Coast  Survey,  W.  P.  Blake  prepared  in  1855  a  brief 
j:Miper  on  the  physical  geology  and  geography  of  the  coast  of  Cali- 
fornia from  Bodega  Bay  to  San  Diego.  Blake  regarded  the  sedi- 
mentary rocks  of  Punta  de  los  Reyes  as  probably  of  Miocene  age,  the 
sjindstone  at  the  entrance  of  San  Francisco  Bav  as  Tertiarv,  and  the 
metamorphic  rock  of  the  peninsula  as  an  altered  sandstone.  The  ser- 
pentine of  Lime  Point  was  shown  to  be  eruptive,  as  was  also  the 
granite  of  C^ypress  Point  and  the  Bay  of  San  Carlos,  and  younger 
than  the  conglomerate. 

This  same  year  (1858)  there  was  organized  a  geological  survey  of  Mis- 
souri with  G.  C.  Swallow  at  it^^  head,  and  Dr.  A.  Litton,  F.  B.  Meek, 
Maj.  F.  Hawn,  and  Dr.  B.  F.  Shumard  as  assistants.     Five  reports 

were  published.  The  first,  bearing  the  date  Novem- 
sarveyof  MiMoari.    bcT  10, 1853,  Consisted  of  but  four  pages.    The  second, 

dated  1854,  comprised  over  400  pages,  including  the 
reports  of  the  assistants  alx)ve  mentioned.  None  of  the  sections  nor 
maps  given  were  colored,  nor  were  any  new  principles  or  striking 

'*  These  hopes  were  partially  realized,  lignite  coal,  but  of  Cretaceous  age,  having 
l>een  found  and  to  some  extent  workeil  in  Alame<la,  Amador,  Contra  Costa,  Fresno, 
Kem,  Monterey,  Orange,  Riverside,  and  San  Bernardino  counties. 
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fciitiii-cs  lirdii^rht  out.  Tlic  woik  ;is  ii  iilioli'  is  mi  cxtri'iiiL-ly  tininti-i' 
I'stiiift  army  of  details,  essential  to  the  geognipliicat  uxteiision  of  ijt^i- 
lo^it-at  kiKiwIfdge.  8oiiie  npate  was  devoted  to  ocononiic  (reoloffV,  a 
considi-nition  of  soila,  et«-,  Doctor  Ijitton's  ivjKjrt  consisted  almost 
wholly  of  details  of  lead,  copper,  and  iron  iiiitipri.  Perhaps  the  most 
ini]x>rtant  economic  item  in  Meek's  report  was  his  calling  attention 
to  the  limited  area  of  the  coal  iM'ds,  which  lie  in  narrow  basins  in  the 
encrinal  limestone. 

The  third  annual  report  of  progress  (fi  pages)  appeared  in  1857, 
the  fourth  (14  page.s)  in  1859,  and  the  fifth  {lil  pages)  in  1861.  O.  C. 
Kroadhead,  who  later  was  himself  State  geologist,  became  ana.ssistant 
during  1857-18(U,  -I.  G.  Norwood  in  185S-1861,  Henry  Hngelmann  in 
1857,  and  Dr.  John  Locke  in  UilliO. 

Oaring  tiie  period  which  intervened  between  the  publication  of  the 
second  ivport  and  the  stopping  of  the  survey  in  IWil,  a  large  portion 
of  the  State  had  been  visit«(il  by  memlwrs  of 
the  corps,  and  full  reports  were  wiitten  on 
the  following  counties:  Cape  Gimrdeau. 
Perry.  St.  Genevieve,  .Tetferson.  Crawford. 
I'helps,  Pulaski,  Laclede,  Wright,  Ozark 
(including  Dougiar-).  Clark.  Moi^n,  Miller, 
Saline,  Chariton.  Macon,  Itandolpb,  Shelby. 
Osage,  and  Alarios. 

After  the  survey  had  lieen  discontinued 
the  legislature  authorized  L.  D.  Morsi-  and 
C.  C.  Swallow  to  publLsh  all  the  results  of 
the  work  of  the  previous  .seven  yeai-s,  but 
tlie  project  was  alianditued  on  account  of 
the  exi^nsc. 

While  Tieiirly  all  the  Stnte  and  laiid-ottice 

ized  up  111  ISoii  hud  economic  ends  in  view,  and  while, 
nnis  i«ipeiis  of  a  more  or  less  economic  chamcter  had 
1  tile,  hands  of  various  writers  from  time  to  time,  yet 
literature  relating  to  American  ore  deposits  remained 
scant  and  of  an  extremely  unsatisfactory  character. 
""*■  The   appeanince    in    1834    of    Whituej-'s    Metallic 

Weallli  of  the  I'nited  States  marked,  therefore,  an  important  ei>ocb. 
The  woi'k  comprised  upward  of  501)  octavo  jMiges,  and  though  writ- 
ten with  especial  reference  to  the  ore  deposits  of  the  United  Stato. 
contained  references  to  those  of  all  the  principal  foreign  lomlitie^  n> 
well  and  remained  the  standard  work  of  reference  up  to  the  time  of 
(he  appeamnce  of  Kemp's  Ore  Deposits  of  the  I'nited  States  in  IHSiS. 
Many  of  the  principles  set  down  by  Whitney  have,  naturally,  Ijeen 


furtlier.  ntini 
apjH'ared  fri: 

J.  O.  Whitney'* 
MeUlllcWMltlio 
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shown  to  }je  erroneous,   as  li<»  himself   lived  to    reco^ni/e.      Thus, 
regarding  the  occurrence  of  gold,  he  wrote: 

In  ^neral  it  may  !h^  «iid  that  the  older  the  geological  foriiiation  the  greater  the 
pnthability  of  itB  containing  valuable  oreH  and  metals. 

And  further: 

There  is  room  for  doubt  whether  the  great  gold  <le|>08iti<  of  the  world  did  not 
originate  exclusively  in  the  Paleozoic  strata,  since  we  are  not  aware  that  the  rocks 
which  have  been  proved  to  be  of  Azoic  age  have  been  found  U)  be  auriferous. 

In  this,- it  will  be  noted,  he  followed  the  teaching  of  Murchison. 

To  the  reader  of  to-day  it  will  seem  scarcely  possible  that,  at  the 
date  of  Whitney's  writing,  there  were  no  mines  worked  for  silver 
alone  in  the  United  Stat^^s,  the  supply  of  the  metal  coming  almost 
wholly  from  the  native  gold  of  California.  Argentiferous  galena  had 
been  worked  to  a  slight  extent,  as  at  the  Wjishington  mine  in  David- 
son County,  North  Carolina,  but  work  was  suspended  at  the  time 
of  his  writing.  How  little  the  silver  resources  of  the  West  were 
realized  is  shown  by  Whitney's  conunent  on  the  nipid  increase  of  the 
gold  output  from  year  to  year  and  the  com|)arative  decrease  in  that  of 
silver.     He  wrote: 

Silver  is,  in  a  geological  |)oint  of  view,  the  metal  l)est  adapted  for  a  standani  of 
value,  since,  {KM^essing  all  the  valuable  qualities  which  make  gold  suitable  for  that 
purjMMit*,  it  is  not  liable  to  those  fluctuations  in  its  pnKiuction  to  which  this  latter  is 
expope<l.  There  is  no  <listrovery  of  a  new  continent  to  Ik*  look**<l  forwanl  to  whost* 
mines  shall  <leluge  the  world  with  silver,  and  any  increase  in  the  amount  of  tliis 
metal  pro<luce<l  nni>t  cnme  chietly  from  the  working  of  mining  regions  already 
known. 

Yet  Whitney  himself  lived  to  see  the  annual  output  of  Ameri<*an 
silver  tiecome  so  great  as  to  practically  remove  it. from  the  list  of 
precious  metals  and  cause  it  to  1k^  rejected  for  all  but  subsidiary  coinage. 

Whitney  recognized  the  fact  that  none  of  the  deposits  of  lead  in  the 
Mississippi  Valley  could  be  considered  as  coming  under  the  head  of 
true  veins  (i.  e.,  fissure  veins),  and  that  the  productive  dejx)sits  did 
not  generally  exceed  a  hundred  feet  in  thickness  in  the  (lalena  (Ix>wer 
Silurian)  limestone  immediately  overlying  the  Trenton.  No  ore  of 
consetjuence  was  known  to  oiTur  in  the  so-called  *'*'Blue  Limestone" 
(Trenton,  Hird's-e^-e,  Chazy,  and  Black  River)  and  it  was  not  consid- 
ennl  proliable  that  the  fissures  would  ever  be  found  to  extend  through 
the  intervening  sandstone  into  the  Lower  Magnesian  beds.  Sinking 
through  the  sand  into  these  latter  beds  was,  th(M-efon»,  considered  as 
mere  random  exploitation  and  a  foolish  ent^^rprise. 

He  classified  the  ore  deposits  as  (1)  simple  alluvial  deposits  which 
were  recognized  as  residual  from  the  decomposing  limestone;  (2) 
depositi4  in  vertical  fissures  which  had  a  very  limited  longitudinal 
extent,  and  (3)  deposits  in  flat  sheets.     All  of  these  were  regarded  as 
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deposits  from  aqueous  solution  which  took  place  either  in  depressions 
of  the  surface  or  in  vertical  fissures  of  the  nature  of  ga.sh  veins  pro- 
duced by  the  shrinkage  of  the  calcan»ous  strata/' 

These  views  differed  from  the  more  modern  in  that  it  is  now  deemed 
as  probable  that  the  ores  were  first  precipitated  in  an  ocean  in  which 
the}'  were  held  in  solution  as  sulphates  and  reduced  to  sulphides 
through  the  decomposing  organic  matter;  that  subsequently,  through 
the  action  of  percolating  surface  waters,  the  same  were  once  more 
oxidized,  segregated  in  the  fissures,  and  reduced  a  second  time  to  the 
condition  of  sulphides.  The  production  of  the  mines  in  the  Missis- 
sippi Valley  he  regarded  as  having  even  then  reached  its  maximum. 

Whitney  recognized  the  eruptive  nature  of  the  Iron  Mountain 
masses  of  Missouri,  and  apparently  regarded  the  hematite  ores  of  the 
Lake  Superior  region  as  also  of  an  eruptive  nature  (see  also  p.  417), 
though  the  later  work  of  Van  Hise  has  shown  them  to  have  had  a 
chemical  origin.  Concerning  the  specular  and  magnetic  iron  ores  of 
New  York,  he  thought  to  have  found  the  evidence  of  direct  eruptive 
origin  as  perhaps  less  conspicuous,  many  exhibiting  appearances  of 
secondary  action,  such  as  might  have  been  brought  about  by  volcanic 
agencies  and  powerful  current^^  which  swept  away  and  abmded  por- 
tions of  the  original  eruptive  masses,  '^  rearranging  their  particles  and 
depositing  them  again  in  the  depressions  of  the  strata."  The  lenticu- 
lar })eds  of  ore  occurring  parallel  with  the  stratification  were  particu- 
larly referred  to  as  originating  in  this  way. 

A  3'ear  later  (November,  1855)  Whitney  had  in  the  American  Jour- 
nal of  Science  an  article  on  the  changes  which  tike  i)lace  in  the  struc- 
ture and  composition  of  mineral  veins,  which  is  of  interest  in  connec- 
tion with  the  recent  revival  of  the  subject  of  secondary  enrichment  of 
ore  deposits.  He  here  described  the  now  well-known  copper  deposits 
of  Du(;ktown,  Tennessee,  and  the  superficial  alteration  of  the  vein 
matter,  and  called  attention  to  the  fact  that  the  l)lack  ore,  then  being 
mined,  was  formed  l)y  a  process  of  natural  concentration  by  surface 
water,  which  was  constantly  decom{)osing  the  material  above  the  per- 
manent water  level  and  carrying  it  downward  to  the  point  where  it 
was  stopped  by  the  solid  portion  of  the  vein.  By  this  me^ms  a  large 
portion  of  the  copper  once  disseminated  throughout  p(»rhaps  100  feet 
of  vein  stone  liad  l^ecome  concentrated  into  a  thickness  of  perhaps  2 
or  3  feet. 

In  »Iune,  1854,  Lewis  Harper,  or  properly,  Ludwig  Hafner,  was 
elected  by  the  trustees  to  the  chair  of  geology  in  the  University  of 

^' Dr.  Henry  King,  in  a  sketch  of  the  geology  of  the  Mississippi  Valley,  read  before 
the  AssfK'iation  of  American  CJeologists  and  Naturalists  in  1H44,  and  printeil  in  the 
American  Journal  of  Science  for  that  year,  argue<l  that  tin*  ores  (»f  zinc,  copper,  and 
lead  occurring  in  the  Cliff  limestone  were  deposited  conteni|K)raneously  with  the 
■'idosing  rock. 
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Mississippi,  which  lu-t,  iiiulcr  the  law,  <*()nstituted  him  also  jis  StHt<5 
geologist,  and    Millington,  whose  work  is  mentioned  on  p.  48o,  was 

furred  to  resitfn. 

Harper's  Work  in  ^  i .  i        .  .    •  . 

MiMiMipfri.  In   ls.)5  Harper  was  relieved  oi   a  portion  ot   his 

duties  as  instructor  in  the  university  in  order  that  he 
might  personally  take  the  tield,  and  an  appropriation  of  $1,000  secured 
for  the  employment  of  an  assistant  geologist,  which  place  was  otfered 
to  Eugene  W.  Hilgard,  then  fresh  from  studies  at  Heidelberg.  Hilgard 
and  Harper  worked  together  during  the  season  of  1855,  hut  the  dual 
jX)sition  of  State  geologist  and  professor  in  the  university  proved  un- 
satisfactory to  the  trustees;  the  law  was  repealed  in  1856,  and  Harper 
also  forced  to  resign,  though  Hilgard  was  continued  as  an  assistant. 

At  the  legislative  session  of  185f>-57  Harper  succeeded  in  securing 
the  passage  of  an  act  providing  for  the  printing  of  the  second  annual 
report  of  the  agricultural  and  geological  survey  of  the  btate  and  for 
other  purposes.  This  resulted  in  a  complete  separation  of  the  survey 
from  all  connection  with  the  State  universit}',  the  establishment  of  a 
geological  survey,  and  the  office  of  a  State  geologist  at  a  salar}'  of 
$2,(J00  a  year,  with  an  appropriation  of  lH,2<>0  for  fitting  up  a  chem- 
ical laboratory.  Three  thousand  live  hundred  dollars  was  appropriated 
for  the  publication  of  Harper's  report.  Concerning  this  report,  Hil- 
gaixl  remarks: 

It  need  only  be  Haiti  that  it  is  a  literary,  linguistic,  and  ncientitic  curiowity,  and 
probably  uni<jue  in  official  publirationH  of  it«  kind.  It  was  the  labored  effort  of  a 
sciolint  to  nhow  enidition,  and  to  con)|>aHH  the  ini|)088ible  feat  of  interpreting  and  dis- 
ruHHing  intelligently  a  conmderable  ina-nof  olwervations,  mostly  recorded  by  another, 
working  on  a  totally  different  plan  from  hiniHelf. 

The  report  contained  a  colored  geological  map  of  the  State  w  hich, 
though  less  detaijed, -corresponded  in  a  general  way  with  that  pub- 
lished later  (18t>0)  by  Hilgard.  Indeed,  there  is  every  reason  for  sup- 
posing that  the  map  itself  was  compiled  largely  from  Hilgard's  notes. 
The  work,  like  its  predecessor,  had  little  influence  upon  geological 
thought,  and  was,  if  not  ignored,  unfavorably  reviewed  by  the  journals 
of  the  day.  The  circulation  of  this  report  throughout  the  Stite 
brought  discredit  upon  its  author  to  such  an  extent  that,  toward  the 
end  of  the  year  (1857),  he  was  obliged  to  resign  his  office." 

"ThiM  (uH>l<»gic*al  Rejiort  on  Miwihnippi  \»  very  unetjual  in  itn  different  part^  and 
n^iuireH  a  careful  r»»viHion  liefore  it  can  U^'ome  g<M><i  authority.  Many  of  the  nectionn 
have  a  fanta»<tic  lH»xing  off  of  layers*  which  in  <|uite  unintelligible  to  ut*.  Certain 
nH*kt«  are  pronf»unce<l  to  lie  Carboniferous,  liecauw*  the  g(*nu8  prwlurhn*  (K'curring  in 
them  in  not  known  to  exist,  the  author  says,  in  older  strata.  Some  i>eculiar  concen- 
tric aggregations  in  clay  art*  attribute<i  to  whirliMM»ls  in  the  waters.  The  work  argues 
atfaini^t  the  suUlivisions  of  the  Kocene  projsjse*!  by  Connid  on  very  insutiicient  data 
and  an  evident  want  of  apprin'iation  of  the  subject.  Then»  are  ern»rs,  also,  in  the 
id«*nlification  of  the  Creta<*e«>us,  Tertiary,  and  post-Tertiary  U*<ls  which  U'tray  insuf- 
ticieut  otj0er\'atiou8  and  an  imp(*rfei*t  attpiaintauce  with  the  science.     ( Am.  Jour.  S-i. ) 
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rnder  an  act  of  the  Wisconsin  legislature,  a])proved  March  25, 1853, 
Fid  ward  Daniels  was  appointed  State  geologist,  hut  at  the  end  of  the 
year  was  superseded  hv  Dr.  fF.  (i.  Percival,  whose  work  in  Connecticut 

has  been  already  referred  to  (p.  829).  Daniels's  first 
w5coMiny?854?  ^"^  ^"b'  iin"ual  report,  bearing  date  of  1854,  con- 
sisted of  a  small  octavo  pamphlet  of  82  pages,  devoted 
largely  to  a  consideration  of  the  lead  fields.  One  geological  section 
in  black  and  white  wius  given,  extending  across  the  lead  mines  from 
the  Mississippi  River  opposite  Dubuque  to  the  Blue  Mounds.  The 
rocks  were  classified,  beginning  with  the  uppermost,  as  (1)  coralline 
beds,  (2)  gray  limestone,  (3)  blue  limestone,  (4)  buflf  limestone,  (5) 
sandstone,  (0)  lower  magnesian  limestone,  and  (7)  the  sandstone  of  the 
Wisconsin  River.  A  vei*tical  section  was  also  given  showing  the  suc- 
cession and  relative  thickness  of  the  rocks  underlying  the  lead  regions. 
In  this  last  the  gmy  limestone  was  given  as  the  prevailing  ''surface 
rock  of  the  mines,  containing  veins  of  lead,  and,  in  its  lower  beds, 
zinc  and  copper." 

Daniels  found  evidence,  as  he  thought,  to  strengthen  the  conjecture 
of  Owen  to  the  effect  that  the  Lower  Magnesian  limestone  w^ould  be 
found  to  contain  lead  ore  in  workable  quantities. 

Aside  from  the  al)ove-noted  publication,  Daniels  was  the  author  of 
an  article  on  the  Iron  Ores  of  Wisconsin,  in  the  n^port  of  the  geolog- 
ical survey  of  Wisconsin  for  1857  (02  pages),  and  a  brief  note  regard- 
ing the  lead  district  of  Wisconsin,  which  appean^d  in  the  Proceedings 
of  the  Boston  Societv  of  Natural  Historv  in  1854. 

According  to  Hall,  Daniels  in  1855  first  pointed  out  the  unconformity 
of  the  western  coal  measures  with  the  older  rocks,  though  fJ.  W.  Fos- 
ter in  185*)  published  a  section  showing  a  similar  unconformity,  the 
discoverv  of  which  he  credited  to  Norwood. 

Doctor  Percival,  who  succeeded  Daniels,  received  his  appointment  in 
August,  1S54,  and  served  until  the  time  of  his  death,  which  occurred 
on  May  2,  1S5().     Two  reix)rts,  in  the  form  of  octavo  pamphlets  of 

about  1(K)  pai'es  each,  w^ere  issued  as  the  result  of  his 

Percival's  Geological  ti        u-  •  i     •      /^  ^'       ^     ^u 

Surveyof  Wisconsin,  work.     LiKC  his  prcvious  work  in  Connecticut,  these 

1854. 

reports  are  extremely  prosy  and  inadt*  up  largely  of 
very  minute  descriptions  of  the  lithological  nature  of  the  various  rwk 
formations  of  the  State,  their  geographic  distribution  and  relative  posi- 
tion. Fossils  were  mentioned  onlv  occasionallv,  and,  otherwise  than 
his  reference  to  them  as  primary  and  secondary  rocks,  there  is  no  sug- 
gestion as  to  their  probable  geological  age,  with  th(»  exception  of  the 
reference  in  the  second  report  to  the  fact  that  the  so-called  ""Mound 
limestone"'  had  been  regarded  from  its  fossils  as  equivalent  to  the 
Niagani  limestone.  The  character  of  the  ore  deposits,  and  the  posi- 
tion, number,  and  character  of  the  veins  were  noted  with  great  detail, 
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aiul  in  ;i  sin^U*  instaiHU'  hr  indulged  in  h  little  .s[)cculati<)n  re^irdin^ 
the  origin  of  tin*  ore: 

The  a{>i)earHiu'eH  set'in  iu>  lesn  t^)  iiidicaU*  the  oriji:m  of  th«5  mineral  and  the  aecoiii- 
|»aiiying  ores  from  beneath,  probably  from  the  primary  rocks  un<lerlying  the  lowent 
secondary;  and  that  they  roj*e  in  such  a  condition  that  they  were  diffused  through 
a  i'ertain  definite  extent  of  the  materials  of  the  nxiks,  and  then  segregate<l  in  their 
present  form,  and  this  along  certain  lines  which  have  determined  their  arrangement. 

April  8,  1854,  D.  D.  Owen  was  appointed  State  geologist  of  Ken- 
tucky, a  position  which  he  continued  to  till  until  the  time  of  his  death 
in  1860.  During  this  time  there  were  issued  four  large  octavo  reports, 
a«oi«Hric^  comprising,  all  told,  upward  of  2,000  pages,  with 
Sarvey  of  Kentucky,  sections,    maps,    and    plates   of    fossils.     Owen    was 

assisted  at  first  by  Dr.  Robert  Peter,  chemist,  and 
Sidney  T.  Lyon,  topographer;  later,  Leo  Lesquereux,  paleobotanist, 
K.  T.  Cox,  geologist,  and  fFoseph  Lesley,  topographer,  were  jvdded  to 
the  force. 

Owen  divided  the  formations  of  the  State  as  follows,  beginning 
with  the  uppermost:  (1)  Superficial  deposits,  (2)  the  Coal  Measures, 
(3)  sub-Carlwniferous  limestone,  (4)  Black  lingula  shales,  (5)  Gniy 
coraline  falls  limestone,  (6)  the  Chain  coral  and  Upper  Cliff  limestone, 
and  (7)  the  lilue,  Shell,  and  Bird's-eye  limestone,  the  last  named  bc^ng 
the  most  ancient  of  anv  vet  found  within  the  State  limits. 

As  with  a  majority  of  Owen's  works,  these  reports  are  given  up 
largely  to  economic  matters,  to  descriptions  of  the  coal,  iron  ores, 
building  stones,  and  other  useful  minerals. 

A  Iwal  epfdemic  of  milk  sickness  in  cattle  was  examined  into  in 
considerable  detail  by  Owen,  who  concluded  that  the  disease  was 
"intimately  coiuiectcd  with  the  geological  formation,"' and  probably 
due  to  the  presiMice  of  soluble  salts  of  aluminum,  iron,  and  magnesia, 
produced  in  the  shales  by  the  decomposition  of  iron  pyrites.  He 
show^ed  an  amusing  tendency  to  magnify  the  importance  of  minor 
matters  in  suggesting  that  the  animals  at  pasture  may  have  }>ecome 
w(»akened  and  {)eculiarly  susceptible  to  disease  through  breathing, 
while  fet*ding  with  the  nostrils  close  to  the  ground,  an  atmosphere 
deficient  in  oxygi»n,  the  abstraction  of  this  element  being  due  to  the 
oxidation  of  the  pyrite  in  the  surface  rcn-k. 

Concerning  the  riH»  or  oolitic  structure  of  the  sub-C«rlM)niferous 
limestone,  he  wroU»,  the  structure  ** seems  to  have  l)een  formed  in 
e<ldies  where  the  water  circhnl  round  in  spiral  or  funnel-shaped  cur- 
rents which  kept  |>articles  of  tine  sand  revolving  in  such  a  manner 
that  they  acijuired  concentric  calcareous  coatings,  until,  having  attained 
the  size  of  tish  roe,  their  gravity  was  sufficient  to  overcome  the  |X)wer 
of  suspension  of  the  rotary  currents,  wh<»n  they  sunk  to  the  bottom.'* 
In  connideratiou  of  the  fact  that  this  oolitic  structure  is  now  known 
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U)  pn'vail  »vr  ninny  Imndrcd  siiuhtr  miles  of  ami.  this  f  xplaiiatioii 
scfiiiri  scarcfly  snffioient- 

Peter'.-  work  on  the  chvinic»l  v<»ii|>usitiori  of  tha  soil  n-as  very 
thorou^li.  aiitl.  takt-n  all  in  all,  the  wurk  done  )i_v  tln^s  survey  on  prolt- 
Icnis  n'latin};  to  th<-  soil  wa.~  of  frreater  importance  than  any  previously 
pHxlutt'd.  The  method  followed  hy  Doctor  Peter  himself  haj*.  how- 
ever. I>een  proven  hy  recent  work  to  l>c  of  coiii|>aralively  little  value, 
the  fei-tilitr  of  n  soil,  as  announced  years  enrlier  hv  Emmons,  bein^ 
dependent  more  upon  its  physii-al  than  chemiml  pr»i>erties. 

In  li^55  U,  f  J.  Shunwrd  accompanied,  in  the  caiwcity  of  geologist, 
Ibe  expedition  under  command  of  Captain  Pope  for  the  purpose  of 
Iwrinp  artesian  wells  upon  the  western  plains  along  the  line  of  the 
a.a.sbaam'*  thirty -second  parallel.  Anabstractof  hLi  report  was 
Siifp^^""^  give"  ill  the  Transactions  of  the  St.  Louis  .Academy  of 
Eipedi^,  i8».  Sciences,  I,  l?<5(>-l.StUP.  though,  so  far  as  can  be  asi-er- 
tained,  no  liniil  rept>rt  ever  appeared. 

Shuniard  announced  the  finding  of  Pennian  fos!<ils  about  3(>  miles 

al«>ve  the  m<iuth  of  L^elaware  Creek,  in  the 

country  lying  Itetween  the  liio  Pecos  and 

^^^^^  the  Kio  Grande.     .\t  Delaware  Creek  the 

^^^^^^^k  oldest  rocks  were  Cretaceous,  overlaid  by 

^^F^  \  Quaternary.    The  <>uadalupe  Mountains  he 

^^V    ^^f^A  des«-ri)>ed  as  consisting  of  white,  gray,  and 

^^1    ~ ^    '^  liluish-hlack    limestone,  containing  fossils. 

^^»        _^^^  sonn'  of  which  upijeanxl  to  l»elong  to  the 

jM^^^P  <<>al   Measures  and  others  t»  the  Pennian. 

^^^^^^k^^^^       till'  heds  iH'inglinallv  scidownasof  IVnuian 

^^^^^HB^^b     ag<-.  to 

^^^^^^^^^^H     granitic  from  the  stratified 

|HHm^H|^^^  ^^H  on 

K..,.;.7  -<M.„r  M..i,iK..,m.rv  u..u.r.  .•^ilui'lan  rocks  wen-  found  in  the  El  Pnso 
M(nuilain>.  imd  the  .loiimda  del  Muerto  wa^ 
shown  lo  III'  a  small  tnmgli  lonnwsed  mostly  of  limestone,  sandstone, 
and  >liale>.  rovered  to  a  depth  of  5  or  tl  feet  with  l(«.se  detritus. 
The  upheaved  edges  of  these  underlying  strata  foinied  the  mountains 
on  either  side.  Tin-  Organ  Mountains  were  sln.wn  to  be  of  limestone, 
bi-loiiging  to  the  Coal  Measures. 

Hy  an  act  of  the  legislature  of  the  State  of  Soutli  Carolina  in  lt<55 
Oscai'  M.  Lielwi'  was  apjminteil  director  of  the  jfeologieal,  niinenil- 
ogii-ul,  and  agrieiilliiral  sni'vey  of  the  .State,  a  |>i)sitioii  whii-h  he  held 
up  to  JtSliO.  During  this  period  he  made  four  annual 
s.^ih".roiiii.."  reports,  the  first  lieariiig  date  of  Is.'.T  and  the  last  ISijii. 
riii>,  it  will  111'  iinieinlH'red,  was  the  third  survey  of 
the  .State  undei'taken  at  pulilic  e.\|iense,  the  first  lieiug  jtui'dy  agricul- 
tural, under  the  (lireitioii  of  Edmund  Huttln,  and  ihesectuidgeolt^ical 
and  agricultuml,  under  direction  of  M.  Tuomey. 
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In  the  rejK>rts  of  Licber  matters  of  both  theoretic*  and  economic 
nature  received  attention,  though  an  undue  amount  of  space  was  per- 
haps devoted  to  a  discussion  of  the  itacolumite,  which  he  considered 
to  \ye  a  true  sandstone.  He  differed  in  this  respect  with  Mr.  Tuomey. 
Its  flexibility  he  regarded  as  not  due  to  decomposition,  but  rather  to 
its  fineness  of  grain  and  admixture  of  mica  or  talc,  delicately  1aminat(Hl 
structure,  and  a  cerUiin  degree  of  compactness  in  the  constituents  of 
each  lamina.  In  this  he  was  mistaken.  He  discussed  the  origin  of  the 
rock,  and  compared  it  with  the  itacolumite  of  Brazil  in  its  relation  to 
the  diamond. 

A  peculiar  tendency  on  the  part  of  Lieber  to  use  outlandish  tcu-ms, 
particularly  Brazilian  Portuguese,  is  manifested  in  this  report.  Thus, 
in  his  paj)er  on  the  itacolumite  and  its  associated  rocks,  he  mc»ntions 
finding  the  ^Hapanhotincaiuja^  oTcangn^  which  sometimes  passed  into  a 
reddish  quader-sandstone."  He  also  wrote  of  the  ''arf/rtoi/?iof<tic^'^ 
composition  of  the  rock,  and  designated  a  prospector  as  a  '^rosttanr/',^'' 
He  classified  the  igneous  rocks  of  the  State,  commencing  with  the 
newest,  as: 

Eiirite  and  quartz  jwrphyry  (?). 
TiTU'hytu*  nM'ks:  -    Coaree  trachyte  of  eastern  lAnca*<ter. 

Doinite,  plionolith. 
Trapjjean  rtx*k«:  Diririte  and  Diorite  slate,  Hoapetone  (?),  Taicow  trap  (?). 
Melaphyre,  Egeran  (?). 
Aphanitii'  porphyry. 

C<>arHe-j?raine<l  {granite,  eU*.,  of  Taxahaw  (Hvt'nite). 
Other  granite  and  };nei}«H. 
(The  markn  of  interrogation  with  nome  of  tht'st*  denott*  that  tht^ir  v\nct  n»Iative 
fKinition  Ih  not  eftahlinhe*!. ) 

Liel)er's  views  regarding  mineml  veins  and  ore  dejwsits  were  largely 
influenced  by  those  of  Europi»an  authorities,  but,  nevertheless,  he 
entertained  ceitain  indep<*ndent  ideas  which  at  this  date  are  instruct- 
ive. He  Indieved  with  Werner  that  the  veins  were  fill(»d  crevices,  but 
thought  them  to  have  l)een  tilled  from  1k»Iow  rather  than  from  al>ove; 
that  is,  tht»  minerals  constituting  the  veins  he  regarded  as  having 
l>een  derived  from  the  interior  of  the  planet  and  brought  to  the  sur- 
face by  mineral  wateix  or  steam,  where  they  were  d<»posit<Ml  chiefly 
in  the  crevices  themselves,  the  surplus  only  distributing  itself  among 
the  surface*  waters,  whence  it  was  afterward  [)re<ipitate(l. 

He  argued  agiiinst  the  idea  that  the  veins  had  Ummi  rilled  by  the 
leaching  action  of  wat«»r  permeating  the  rocks  <>n  either  side,  saying: 

Kntin»ly  the  reven*^'  is,  hnwewr,  th<*  ca^e.  Thun,  niiiK*ralH  whi<*h  l>elong  to  the 
vein.-*  hut  which  an*  found  in  the  country  were  in  rcahty  dfrivt^l  from  the  ft>rnier; 
the  vein  <Tevi(f?*  wen*  the  firnt  n*s«'rvoirM,  and  the  ft-w  wattcrin^r  i»ariirli*?<  <»f  tUv  niin- 
rnii»*  of  the  V4*in«  which  we  tind  in  the  adJH<vnt  country  riH-kn  found  their  way  into 
the  lutter  hy  elimination  or  secretion  and  hy  Huhhmation  fn*m  the  ^un'har>re<l  vein 
j-revieeu 
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Concerning  the  variation  in  vein  structure  and  the  changes  of  the 
contents  of  veins  at  various  depths,  he  wrote: 

Except  in  those  few  eai^es  where  the  enrichment  of  a  vein  is  due  to  extraneuui*  or 
superticial  causee,  we  may  safely  say  that  veins  gain  in  the  quantity  of  their  metal- 
4iferous  contents  as  we  leave  the  surface;  that  is  to  say,  the  lodes  increase  in  diamet^ 
and  in  the  ccmipac^tnesn  of  their  ores. 

Thus  do  we  find  one  who  was  the  l>est  authority  in  the  State  promul- 
gating a  theor}'  wholly  erroneous  and  misleading. 

The  question  of  the  origin  of  gold  received  consideration,  and  the 
opinion  was  expressed  that  ''the  gold  in  some  igneous  rocks  with  us 
and  elsewhere  may  have  been  brought  up  with  the  fluid  masses  from 
beneath,  but  it  may  also  have  been  imparted  by  the  solution  of 
auriferous  sedimentary  rocks  traversed  at  the  period  of  injection." 
While  noting  that  dikes  exerted  a  conspicuous  influence  on  the  dis- 
cernible presence  of  gold,  he  believed  that  these  did  not  impart  the 
metal,  or  if  they  did,  only  in  exceptional  cases,  and  that  as  a  rule  cer- 
tain sedimentary  rocks  must  be  regarded  as  the  true  source  of  the  gold 
into  which  it  was  infused  at  the  time  of  their  de])Osition,  though  by  what 
means  or  from  what  source  he  found  it  impossible  even  to  guess. 

Fiach  of  the  reports  was  accompanied  by  two  or  more  colored  geog- 
nostic  maps,  in  which  the  various  formations  were  grouped  according 
to  their  lithological  nature  rather  than  according  to  their  geological  age. 

In  1855  there  appeared  Dawson's  Acadian  (leology,  a  small  octavo 
volume  of  but  888  pages,  but  which,  through  successive  editions,  grew, 
by  1878,  to  nearly  800  pages.     This  in  all  its  editions  was  b^'  far  the 

most  important  production  of  this  most  prolific  writer.* 
oSiog^AsSS?**"      'he  edition  of   1S55  contiiined  a  colored   geologictd 

map  of  the  region  and  puq)orted  to  give  in  a  con- 
densed form  what  was  known  of  the  more  general  features  of  the 
ptMiinsula.  A  discussion  of  the  views  held,  and  as  subsequently  mod- 
ified, can  well  be  reserved  until  we  come  to  the  edition  of  1878. 

A  very  largt*  proportion  of  Dawson's  geological  papers  related  to 
the  Coal  Measures  of  Nova  Scotia  and  their  included  plant  and  animal 
remains.     His  first  publications  on  these  subjects  date  Imck  to  1843. 

As  early  as  1S53  he  announced,  in  connection  with 
Nova  Scotia,  Lvell,  the  tindinif,  at  the  base  of  an  upright  fossil  ti*ee 

trunk  in  these  Coal  Measures,  of  bones  identified  by 
Jeffries  Wyman  and  Richard  Owen  as  those  of  a  reptile  or  batrachian, 
to  which  the  name  Ihinln rjxfon  avad'unnnn  was  applied.  The  finding 
of  the  shell  of  a  terrestrial  mollusk  was  also  announced  at  the  same  time. 

Dawson  also  made  important  obsiMvations  regarding  the  origin  of  the 
various  coal  Im'cIs.  He  felt  that  the  conditions  indicated  the  existence 
at  one  time  of  a  lontr  succession  of  oscillations  between  terrestrial  and 

«I>aWH<n»'s  l>il)li()vrrn|»hv  luiitaiiiH  upwanl   of  'M^^  titles,  of  wiiicli  at  least   nine 
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]U|uati<*  (rircuniHtani'es,  which  were  not  accompanied  by  any  material 
permanent  change  in  the  nature  of  the  surface  of  the  land  and  its 
organized  inhabitants.  He  conceived  that  the  elevation  and  depression 
of  large  areas  were  not  absolutely  contemporaneous,  but  such  that  b^^ 
a  mere  change  of  place  one  could  have  passed  from  a  coal  swamp  to  a 
modiola  lagoon  or  a  tidal  sand  flat. 

In  the  Quarterly  Journal  of  the  Geological  Society  for  I860  Daw- 
son had  another  important  paper  on  the  vegetable  stnictures  in  the 
coal  in  which  he  announced  that  the  vegetable  matter  of  these  beds 
consists  principally  of  Sigillaria?  and  Calamitete.  With  these,  how- 
ever, he  found  intermixed  remains  of  many  other  plants. 

The  structure  of  the  coal  as  he  here  found  it  conformed  to  the  view" 
that  the  materials  were  accumulated  by  growth  in  place  without  any 
driftage  of  materials.  The  rate  of  accumulation  he  thought  to  have 
been  very  slow,  the  climate  of  the  period  being  such  that  the  true  coni- 
fers grew  not  more  rapidly  than  their  modern  congeners.  Making  all 
due  allowances,  he  felt  safe  in  asserting  that  every  foot  of  thickness  of 
pure  bituminous  coal  implied  the  growth  and  fall  of  at  least  fifty  gen- 
erations of  Sigillaria;  and,  therefore,  an  undistur})ed  condition  of  forest 
growth  enduring  through  many  centuries. 

In  this  same  journal  for  I8f)5,  under  the  title  of  On  the  Conditions 
of  the  Deposition  of  Coal,  he  again  referred  to  the  subject.  Writing 
with  reference  onlv  to  the  l)e(ls  of  Nova  Sc*otia  and  New  Brunswick 
and  their  associated  sediments,  he  showed  that  the  coarser  matter  of 
the  Car}x>niferous  rocks  was  derived  from  the  neighboring  metamor- 
phic  ridges,  but  much  of  the  finer  material  was  probably  drift(»d  from 
more  distant  sources.  He  thought  there  was  no  good  reason  to  doubt 
that  in  the  Carlxiniferous  periocl  the  greater  i)art  of  the  Lauren tiaii 
and  Silurian  districts  of  North  America  existed  as  land.  Considering 
the  relative  position  and  lithological  nature  of  the  l>eds  of  the  Car- 
lioniferous  j^eriod,  and  comparing  them  with  those  of  oth<»r  periods  of 
the  Paleozoic  age  in  eastern  America,  he  thought  to  find  indications  of 
the  existence  of  periodic  cycles  such  that  similar  }x»ds  were  deposited  at 
corresponding  periods  in  each,  the  parallelism  biding  ta))ulat€»d  as  }>elow : 

(The  several  formations  aiv  arranged  in  descending  order.) 


rtmrmrUT  nf  irmtip. 


^lutllow.  aiiljuidiiiK  marine 
iirt*a.  rtllinir  up  with  M>c1i- 
tnefit. 

Klevttti(»n.  followed  hynlow 
MilMiidence.  land,  mir- 
fmcen.  eu*. 

Marine  ronditloii^;  fnima- 
lion  of  Iim«-«)t4ifi<^.  ete. 


iU'lmmitUm  of  rtmrm?  himII 
ment. 


I»wer  Silurian.     I'piwr  Silurian. 


HudHon     River     Lower   Helder- 
fproup.  berg  irroup. 


rH.*vonian. 


ChcmunK  Kroup 


rarUmifiTi»u«.. 


!'pp»T   e<*il   for 
mation. 


C*ti(*a  f*haU' Salina irmup  .. .    Hamilton  K^nMip..    CimiI  MeaKun*^. 


Tivnton.  Klttck  Niafara       nnd     ('4irnif«'n>UH  Hnu- 

River.       and  rilnUui  lime-        Mon*-. 

rhaasy     llnu--  «lon«*j». 
wton«i». 

l*i»UMlam      and  Oneida  and  Mr-     orl^kany      «mm«I 

<'alriferouK  dina        Min<l          Ktotie. 

MindMonex.  fitnnefi. 


l>oH«r  Carlion 
if«'nM)«  liiri*' 
*l«»nr. 

Lo  \v  «■  r  toa  I 
Mt>a>«un*»  and 
<N»n(rlomerHi«'. 
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In  an  articlti  ('oiiiniiiiuciited  to  tbe  Natuml  History  Society  of 
MoiitroAl  in  1860,  Dawiion  claimed  to  recognize  "among  the  partially 
metamorphoijed  isiib-Carboniferous  rock^i  of  Mova  Scotia,  formation!- 
ranging  from  the  Middle  Silurian  to  the  Lower  Devonian,  inelusiye. 
but  of  a  more  argillaceouy  and  less  calcareous  character  than  the  series 
occupying  this  position  in  the  mainland  of  America."  The  granites 
(intrnsives)  he  regai-ded  as  of  newer  Devonian  age,  and  the  Arisai^ 
series  as  representing  "the  upper  part  of  tbe  Middle  Silurian,  prol«- 
blj  with  a  part  of  the  Upper  Silurian,  a  position  much  lower  than  that 
assigned  to  it  in  my  Acadian  Geology."' 

In  1853  Jules  Marcou,  a  Frenchman  who  had  come  to  America  in 
1848,  published  a  geological  map  of  tbe  United  States  and  the  British 
Provinces  of  North  Amerioi,  with  92  octavo  pages  of  explanatory 
Jhic*  Manou's  text,  two  geological  sections,  and  eight  plates  of  the 

lbs  United  suS«,      f<)«silf  whicli  characterize  the  formations.     The  map. 
'*'^'  which  was  (^loi-ed  bj'  hand,  extended  an  far  west  as 

the  one  hundred  and  sixth  meridian,  and  the  geological  sections,  not 
colored,  extended,  the  first  from  the  Atlantic 

Ocean  at  Yorktown,  Virginia,  to  Fort  Lara- 

^^dBkk  mie,  Nebraska,  and  the  second  from  I.^e 

^^^^^^  ^^  ^t-  Johns  in  the  Hudson  Bay  Territory  to 

I  j^  ^^^^K  Mobile,  Alabama. 

■  ^  c^^^F  "i\is,  author  adopted  the  formation  names 

^^j^^y  established  by  M.  de  Verneuil  and  Murchi- 

1  m^BS^M.  son,  in  order  to  render  possible  a  satisfactory' 

^Hlj^^^k^  comparison  with   the   existing   geologi<'al 

^^^^^^^^^^^^^^      maps  of  Kngland.  (ieiiiiany.  Russia,  Scan- 

fl|^^^^^^^^^HpV      diiiavia,  and  Bohemia.     Tbe  divisions  Cam- 

^■^^^^^^^  briaiiandTaa)nii.  however,  were  not  recog- 

,  1   '      ^^^  nized,siiice,  in  the  opinion  of  tbe  compiler. 

Fi.^.  w  — jiiitB MKrcou,  they  "ought  to  distippeiir  from  geological 

classification,  for  they  give  two  names  to  the 

metamorphic  nicks,  of  which  tbcy  are  integrant  parts,  in  all  regions 

where  those  bods  have  been  observed."" 

Pcrbiips  tbe  most  striking  feature  of  the  map,  at  least  that  in  which 
it  differs  the  iimst  from  those  of  later  dut*'.  liiy  in  the  enormous  devel- 
opment of  the  Devonian,  whiib  is  made  to  occupy  a  large  portion  of 
southern  New  York,  as  now,  and  to  extend  ihcnce  in  a  continuous, 
broad.  Init  gnidually  narrowing  fwiiid  soutliwesterly  to  near  Tusca- 
loosa, in  Alabama.  A  continuous  lielf  was  also  indicated  as  extending 
fnini  the  east  side  of  the  south  end  of  Lake  Micliifra"  westerly  nearly 
to  fbe  Missouri  River.  The  lirown  Triatsic  sainlston.s  of  the  Pjistern 
Stale.-,  were  colored  a>   Keuper  (yellow),  and  the  ln-lt    west  of  Ri<-h- 


■'ThiK  stuteiiii-iit  reinmliiiu  tlie  Tacimii-  \v 
u-  |«rt  .Marcon  {iliiytsi  in  tlic  wiiliswjuenl  ri 
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iiiond  and  one  near  Raton  Mountains,  in  New  Mexico,  as  Lias  or 
Jui-assic  (blue).  A  ))and  of  Keuper  was  also  represented  as  extending 
from  the  eastern  end  of  the  south  shore  of  Lake  Superior  quite  across 
tho  Coteau  des  Pmiries  to  the  ninety-eighth  meridian.  A  continuous 
band,  colored  as  composed  of  granite  porphyry,  syenite,  greenstone, 
gneiss,  mica-schist,  etc.,  was  represented  as  extending  from  below  the 
twenty-fourth  pamllel  in  Mexico  northward  to  the  great  bend  of  the 
North  Platte  in  Wyoming,  where  it  was  overlain  by  Silurian,  Devo- 
nian, Coal  Measures,  and  Keuper  strata,  the  latter  flanked  on  the  north 
by  a  broad  band  of  ''copper  trap.''  Here  again  the  series  extended 
westerly  to  the  edge  of  the  map  and  northeasterly  to  a  point  about 
midway  between  Mandan  and  the  Little  Missouri  River  in  Dakota. 

This  attempt  on  the  part  of  Marcou  was  certainly  counnendable, 
recjuiring  courage  as  well  as  judgment.  Unfortunately,  Marcou  does 
not  seem  to  have  used  discretion  in  all  cases  in  the  selection  of  his 
authorities,  and  made  altogether  too  sweeping  generalizations,  oft^n 
in  direct  contradiction  of  facts  made  known  bv  other  workers. 

In  1855,  1858,  and  again  in  1872  Marcou  published  in  German}^  and 
France  other  editions  of  his  map,  in  which  he  comprised  the  whole 
country  from  the  Atlantic  to  the  Pacific  Ocean.  Perhaps  the  most 
striking  feature  of  these  issues  is  the  enormous  area  of  country  west 
of  the  Missouri  at  Iowa  and  extending  almost  to  Great  Salt  I^ake  and 
the  Colorado  River  in  Arizona,  colored  as  red  sandstone  (Trias),  with 
broad  intercallations  of  Jurassic.  This  feature  is  the  same  on  issues 
of  )>oth  1S55  and  1858,  although  in  the  map  of  1853  he  colored  the 
same  area  (at  least  as  far  as  this  map  extended)  Cretaceous,  Tertiary, 
and  Quaternary.  In  the  edition  of  1855  the  entire  west  coast  of  Cali- 
fornia south  of  Humboldt  and  as  far  down  as  Monterey  was  colored  as 
occupied  by  eruptive  and  metamorphic  rocks,  while  broad  belts  in  the 
interior,  along  the  courses  of  the  main  rivers,  were  colored  as  Tertiary. 
In  the  edition  of  1858  this  was  in  part  corrected,  the  Tertiary  being 
extended  to  the  coast. 

The  various  editions  of  these  maps,  on  account  of  the  errors  men- 
tioned and  numerous  others  perhaps  even  more  inexcusable,  though 
less  conspicuous,  were  severely  criticised  by  American  geologists,  a 
particularly  harsh  review  of  the  1853  map  being  given  by  James  Hall 
in  the  American  Journal  of  Science  for  March,  1854,  and  of  that  of 
1855  by  W.  P.  Blake  in  the  same  journal  for  November,  1856. 

During   1853  nimierous   expeditions  were   sent   out   by   the  War 

Department  for  the  purpose  of  exploring  routes  for 
Sttrv^.^'issS^^SM.  ^^^  proposed  railroad  from  the  Mississippi  Valley  to 

the  Pacific  coast.  These  were  in  all  cases  under  the 
immediate  command  of  oflScers  of  the  Army,  but  to  nearly  all  one  or 
more  naturalists  or  geologists  were  attached. 
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The  published  results  of  these  explorations,  geological  aiid  other- 
N,  wise,  form  the  thirteen  quarto  volumes  of  PaciKc  Railroad  Reports, 
HO  well  known  to  all  natunilists.  Among  those  who  at^companied  thr 
expeditions  and  whose  reports  gave  almost  the  first  authoritative  and 
systematic  accounts  of  the  geology  of  the  regions  passed  over  were 
Jules  Marcou,  whose  geological  map  has  been  mentioned;  \V.  P.  Blake, 
of  New  Haven,  Connecticut;  Thomas  Antisell,  James  Schiel,  and  .1.  S. 
Newberry. 


Marcoii  received  his  appointment  in  May.  iS5.'!,  with  orders  to  join 
Lieut.  A.  \V.  Whipple  in  the  oxplontlion  of  ;i  iMute  near  the  thirty- 
tiftli  [mnillcl  of  latitude.  The  route  followed  liiy  by  way  of  Fort 
Smith.  Arkansas;  westward  through  Aniu<juenjup  and  Santa  Fe,  New 
Mexico,  to  Los  Angeles,  California,  and  occupied  the  period  between 
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June  2,  1853,  and  March  26,  1854.  On  returning  to  Washington, 
June  1,  1854,  Marcou,  on  the  plea  of  ill  health,  asked  permission  to 
Marvon's  work  in  work  up  his  results  in  Europe;  and,  acting  apparently 
Piici^^RjSiro!ld'  ^"^  under  a  misunderstanding,  [)roceeded  to  pack  his  own 
Surveys,  1853.  collections,  together  with  others  made  by  the  party 
under  Captain  Pope  along  the  thirty-second  parallel,  and  made  prep- 
arations to  leave  the  country  on  September  27.  This  procedure  seems, 
however,  to  have  displeased  the  then  Secretary  of  War  (Jefferson 
Davis),  who  insisted,  under  date  of  September  25,  that  the  report  be 
made  out  in  this  country'.  It  being  then  too  late,  as  claimed,  for  Mr. 
Marcou  to  change  his  plans,  he  was  allowed  to  depart,  but  instructed 
under  threat  of  prosecution  t<^)  turn  over  all  collections  and  notebooks, 
the  property  of  the  Government,  to  the  accredited  representative  of 
the  United  States  at  Paris.  Natural  I  v  this  tn^atmcMit  aroused  con- 
siderable  indignation  on  the  part  of  Marcou,  though  it  is  doubtful  if 
he  was  justified  in  his  subse<iuent  proceedings.  Such  of  the  collections 
and  notes  as  were  returned  were  placed  in  the  hands  of  W.  P.  lilake 
to  Ik»  worked  up,  but,  while  there  is  no  reason  for  <*riticising  the  latter, 
the  re[)ort  was  not  all  that  could  have  been  desired."  It  is  a  painful 
fact,  moreover,  that  none  of  Marcou's  typ<»s  were  returned  to  America, 
but  w(»re,  by  him,  distributed  to  English  and  continentid  museums, 
one  of  the  collections  lK»ing  now  in  the  [wssession  of  the  (ieological 
S<K-ietv  of  Ivondon. 

Ii(»fore  leaving  for  Kurope,  however,  and  l>efore  l)ccoming  aware  of 
the  intentions  of  the  Secretary  of  War,  Marcou  made  two  brief  reports 
or  summaries  one  of  the  route  traversed  bv  himself,  and  the  other  on 
the  materials  collect(»d  by  C'aptain  Pojm»'s  |Mirty.  These  were  pub- 
lished in  House  Document  No.  121>  an<l  were  republished,  together 
with  other  p>i|M?rs  by  the  same  author,  in  Zurich  in  185S,  under  the 
tith»  of  (leolog}'  of  North  America,  with  Two  Reports  on  the  Prairies 
of  Arkansas  and  Texas,  the  Rocky  Mountains  of  New  Mexico  and  the 
Sierra  Nevada  of  California.  The  latter  work  was  accompanied  by  a 
geological  map  of  the  United  States  and  a  section  across  the  country 
from  Fort  Smith  to  the  Pacific  Ocean,  the  same  being  a  n^print  of  a 
map  published  by  him  in  1855  in  the  Bulletin  of  the  (ieological  Soci(»ty 
of  France  and  in  the  Annales  des  Mines  for  the  same  ve^ir.  (Referred 
to  on  p.  441*.)  It  also  contained  a  colored  map  of  an  area  from  35  to 
75  miles  in  width  across  New  Mexico  along  the  tliirt> -fifth  panillel, 
lM»aring  date  of  1857,  and  a  repnxluction  of  Maclure's  map,  the  original 
of  which  bore  date  of  ISOl^. 

In  this  summary  .Man-ou  identifiiM^l  certain  horizontal  beils  overlying 
the  Carlxmiferous  limestones  as  Triassi<',  a  formation  which  on  the 

"  Mar«-<»irH  <»rivriii<il  not«*M  ami  niak«'\  traii.''lutiMii  of  tlie  Kiiiif  wrn*  piibliHhiNl  in 
Itarallei  cuiuiiiiui  in  tlie  thinl  xoluiiie  of  the  racific  lliiilroaii  Ucixirtti. 
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basis  of  his  geological  map  of  tba  United  Statcjs,  published  in  Boston 
ill  1853,  above  noted,  he  claimed  to  have  been  the  first  to  rect^nia.-  iu 
the  West.  He  divided  it  into  three  divisions,  the  lowest  of  which  he 
considered  as  equivalent  to  the  red  sandstones  of  Ijake  Superior  (now 
considered  as  Cambrian),  the  Hay  of  Fundy,  the  Prince  E<Iward  and 
Magdalen  islands,  and  a  part  of  that  of  Virginia  and  New  Jersey-  At 
Pyramid  Mount,  in  the  Llano  Estaeado,  he  claimed  to  have  found 
Jm-assic  rocks  overlying  conformaldy  the  Keuper  (the  first  discovery 
of  racks  of  this  liorizon  in  America),  and  at  Galisteo,  in  New  Mexico, 
the  White  Clialk  division  of  the  ('retaceous.  From  the  fact  that  the 
Cretaceous  beds  lie  unconformably  upon  the  upheaved  Triaasic  and 
Jurassic  beds,  he  concluded  that  the  same  were  deposited  after  the 
principal  dislocation  of  the  Kocky  Mountains,  which  took  place  at  the 
end  of  the  Jurassic  period. 

The  Sienn  Nevada  he  rightly  inferred  to  be  of  inoit^  recent  uplift 
than  the  Itocky  Mountains,  proliably  dating  from  the  end  of   the 
Miocene  or  Pliocene,  and  the  Coast  Range 
from  the  end  of  the  Eocene. 

To  \\.  I*.  Blake  foil  the  lot  of  accompany- 
ing Lieutenant  Williamson,  whose  route  led 
from  San  Francisco  south  ward  along  the  San 
Joiujuin  River,  through  San  Francisco  Pass 
in  the  mountains  to  the  Mohave  River,  and 
Work ofw.  p.  Blake  '■»-'**^^''H'd  along  thfl  thirty- 
thcPacii^RiiiirMii    ■'**'''oiifl  i»nd  thirty-third  par- 

Survey..l8M-IS56.  .,|](.|„    J,,    t||p    mOUtll    of    tilC 

(iihi.  The  region,  iis  )K)iiited  out  by  S.  F. 
pjiinions,"  "is  not  one  from  which  definite 
geological  data  could  be  obtained,'' the  rocks. 
wiHi  the  oxcei>tii)n  of  recent  and  Tertiary 
foniialioiis.  l)L'iiig  barren  and  classed  its 
mctamorphic  and  eniptive.  He  however  noted  the  wide-spread  occur- 
rence of  Tertiary  rocks  alKiut  Sun  Francisco  mid  in  southern  Ciiii- 
fornia  and  the  octurreiice  of  eruptive  soqientinous  rocks.  He  al-o 
made  many  interesting  minor  observsitions  on  the  )>(>lishing  and  groov- 
ing of  ■hard  rock.-i  liy  wind-blown  sand  and  other  <lesert  phenomena. 
Mountains  <)f  the  i^oliUed  or  "lost  niciuntiiin"  typ<^  were  descriU'd. 
and  the  fact  that  the  Color-ado  Desert  was  lielow  the  level  of  the  sea 
noted.  The  age  of  the  coast  muiintaiiis  was  determined  as  at  lea.-t 
po.st- Pliocene,  and  the  impregnation  of  tiie  rocks  of  the  region  with 
gold  he  regjirdcd  as  having  Im-cii  ci>nteni|H>raneous  with  the  uplift. 


"I'n 
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To  Blake,  too,  fell  the  .study  of  the  collections  made  by  Pope's  expe- 
dition along  the  rout^i  near  the  thirty-second  pai'allel.  It  was  the 
original  intention  of  Popi^  that  this  work  should  be  done  by  Marcou, 
but  owing  to  the  decision  of  Davis,  then  Secretary  of  War,  the  connec- 
tions were  returned  by  Marcou,  as  already  noted,  ^'in  a  confused  con- 
dition and  with  many  of  the  labels  displaced"  and  given  to  Blake. 

Captain  Pope's  route  extended  from  Preston  on  the  Red  River  in  a 
southwesterly  direction  to  the  Pecos  River,  and  thence  nearly  due 
west  to  the  valley  of  the  Rio  Grande  at  El  Paso  and  Dona  Ana  in  New 
Mexico,  crossing  the  Organ,  lluerco,  and  Guadalupe  mountains.  The 
result  of  this  expedition  was  to  establish  the  Car})oniferous  character 
of  the  limestone  of  the  Organ  Mountains,  the  prevailing  gmnitic  type 
of  the  Huerco  Range,  and  the  presumable^  Carboniferous  age  of  the 
limestone  and  sandstone  of  the  (iuadalupes  (see  also  Shumard's  obser- 
vations, p.  434).  The  underlying  formations  of  the  Llano  Estacado 
were  judged  from  the  specimens  to  be  probably  Cretaceous  and  not 
Jurassic,  as  mapped  by  Marcou.  For  the  geology  of  the  region 
between  Llano  Estacado  and  Preston,  Blake  drew  largely  on  Shumard's 
publications. 

The  origin  of  the  gypsum  l)eds  he  regjirded  as  due  to  the  action  on 
the  underlying  limestone  of  percolating  waters  containing  sulphuric 
a^'id  derived  from  the  decomposition  of  pyrites. 

Thomas  Antisell  accompanied  the  party  under  command  of  Lieut. 
J.  G.  Parke,  surveying  the  route  in  southern  California  to  connect 
with  the  routes  near  the  thirty-tifth  and  thirty-second  parallels  and 

also  the  route  near  the  thirty-second  parallel  l)etween 
AntitrtT*  *'  ^^^  ^'^  Grande  and  Pinuvs  Village,  which  was  explored 

bv  Parker  in  1854-55. 

Antisell  recognized  the  |>ost-Mioceiie  age  of  the  final  uplift  of  the 
Coast  Range  and  thought  that  the  elevating  force  must  have  taken 
place  from  two  points,  one  in  the  north  and  one  in  the  south,  and  that 
the  forces  became  gradually  spent  as  they  passe<l,  one  in  a  southerly 
and  the  other  in  a  northerlv  direction  toward  each  other.  He  con- 
c<MV(»d  that  this  resulted  in  an  uplifting  of  tlu*  consolidated  crust  of 
the  State  at  either  end,  while  the  ('enter  remaincnl  (juiescent,  causing 
thereby  a  rupture  of  the  sujx»rficial  strat^i,  or  even  a  dej)ression  below 
s«»a  level  near  the  middle,  forming  thus  San  Francisco  Hay. 

influenced  to  some  extent  bv  Elied(»  l^»aumont's  thfH)rv  of  mountain 
uplift  and  the  relative  age  of  mountain  rangt»s,  as  indicated  by  their 
imrallelism,  he,  without  connnitting  himself  in  any  way,  called  atten- 
tion to  the  north  and  south  trend  of  all  the  Now  Mexi(*an  ranges  and 
northwest  and  southeast  trend  of  the  Sierras,  the  Coast  Itange,  and 
the  ranges  of  Nevada. 

No  Paleozoic  rocks  wen»  n»<'ognizeil  in  the  southern  jwrt  of  the 
Stati*.     The  sandstone  underlying  the  CarlH)niferous  limestone  of  the 
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(iila  region.  New  ilcxiio,  wim  tliought  to  l»e  Devonian,  thoiitfh  no 
fossil-'j  were  found  by  which  tho  age  might  be  detinitely  proven.  What 
fossils  were  collected  during  this  expedition  were  described  by  Conrad 
and  were  all  Tertiary  forms. 

As  with  Hitchcock  and  other  of  the  early  workers,  he  failed  to  real- 
ize the  full  caijabilities  of  river  action  during  gradual  crustal  move- 
ment, and  found  the  same  diflicultj  in  accounting  for  the  course  of 
the  Gila  that  Hitchcock  did  with  that  of  the  Connecticut  (p.  lilit)- 

During;  the  series  of  elevations  [he  wrote]  which  li:ially  uplifte<l  this  raiiKe  (the 
Pinaleni))  to  itii  present  altitude,  the  iijiheaving  turce  iiinst  liave  U-en  exerti'd  even 
uimii  the  Kiiitlicrii  {)ortion  of  the  raiiins  niiBiiiji  the  lahlc-land  of  northern  Soimra 
and  Cliirii'aiiLia  to  so  grt-at  a  lieijiht.  TIiih  atrahi  may  liace  produoeil  a  fi)«ure  from 
eat^  to  uesl.  or  erai:ki-<l  and  perhajw  di'preN<eil  tlie  Etralii  alon^  parallel  33°,  am) 
thiin  eiialiliii  the  Gi\a  to  take  that  as  a  i>eriiiaiient  i-onrHe.  Home  such  cataetroplie 
triiist  Imvc  ocnirreil,  for  it  i:'  scarcely  |)n>l>!i)>le  that  the  river  unaided  eould  have 
cut  lliRiiitfh  such  lofty  hills  auil  hard  rocks  as  it  appi'ara  to  have  done  in  its  pasaatcf 
Chroii};h  tlie!<e  iiiiiiintains,  rutniint;  as  it  ilot>s  at  riKht  antiles  to  the  strike  of  the 
ranges, 

Antisell's  rejwrt  was  accompanied  hy  numerous  sections  in  black  and 
white  through  the  coast  ranges,  and  a  colored  geological  map  of  the 
region  extending  from  San  Francisco  to  Ijou 
Angeles;  also  l>y  a  colored  map  and  section 
of  the  region  from  the  Rio  Grande  (then 
known  as  the  Kio  IJravo  del  Norte)  to  l»eyond 
Miuicopu  Wells  (Ul'    30'). 

Antisell  was  horn  in  Ireland,  of  French 
Huguenot  parenlnge,  in  1HI7.  and  came  to 
America  for  jxilitical  iva- 
AntiKU.  sons  ill  IS-iS,  where  he  prac 
tii-ed  medicine  until  IS.j4, 
inthe  nieantiTue  h<)l<lingthe |>osition 
irev  on  chemistry  in  a  niunlxT  of  col- 
vs.  including  thuM'  of  Wot.ilstock.  Ver- 
nl:  i'ittsti.ld.  .M;issiiciuisett.s:  and  at  the 
lierkshire  Medical  Institute.  Prior  to  his 
American  ex|>iTiences.  tlinugh  by  j)rofessioti  it  surgeon,  he  had  mani- 
fested a  lively  inteiesi  iti  matters  ])crlaining  to  other  sciences,  and  hail 
published  in  IS+(i  a  duodecimo  vi)iuin<'  of  S4  pages  on  Irish  geology 
and  a  manual  of  agricultural  i-heniistrv,  jnepaied  with  especial  refer- 
ence to  the  soils  i.r  hvhuid.  His  work  with  the  I'a.'ific  Railnmd  Sur- 
vey, almve  noted,  comprised  his  only  geiiiogical  investigations  after 
coining  to  America. 

In  lN;>t'.  he  was  iippoijited  an  exiitniner  in  the  Patent  Office,  hut 
resigned  to  enter  the   rnhn.  Arniv  as  surgeon   in  IMU.     In  18*'>(!  he 

became  chief  chemist  of  the  Depart r.t  ..f  A;rricultnre.  and  in  IsTl 

was  apiH>inted   by  the  .lapanese  (iovei'ntncnl    an   exitert   in  ehcillical 
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technology  in  Tokyo.  He  returned  to  the  United  States  in  1877  and 
was  reappointed  to  his  former  position  in  the  Patent  Office,  where  he 
remained  until  1891. 

J.  S.  Newberry  was  geologist  to  the  party  under  Lieutenants  Wil- 
liamson and  AblM)t,  surveying  routes  in  California  and  Oregon. 
NewlK^rry  regarded  the  sandstone  in  the  vicinity  of  San  Francisco  as 

probably  Miocene,  and  the  serpentines  as  of  igneous 

SSi^id^oririsM.  ^''^^'" — "^  ^^^^^  agreeing  with  RIake.      The  rocks  at 

Arbuckle's  diggings,  near  Fort  Reading,  were  consid- 
ered as  Cretaceous.  He  did  not  agree  withTrask  in  thinking  that  the 
Sierra  Nevada  terminated  at  Lassen's  Butte,  or  that  the  Coast  Moun- 
tains, when  eontiiuied  north waixl,  form  the  Cascades  of  Oregon  and 
Washington.  He  regarded  Mount  Shasta  as  a  part  of  the  Sierm 
Nevadas  (as  did  also  King,  later),  whieh  were  themselves  probably  of 
greater  antiquity  than  the  Coast  Range  Mountains.  In  this  he  was 
right.  He  thought  to  have  discovered  evidences  of  a  continuous  ice 
sheet  in  the  region  of  the  Three  Sisters  and  Mount  Jefferson  in  the 
Cascades.  The  canyons,  as  of  the  Columbia,  he  rightly  regarded  as 
due  to  stream  erosion,  not  to  rifts  bv  volcanic  action.  The  few  fossils 
collected  were  described  bv  Conrad  and  all  as  Miocene. 

The  survey  along  the  thirty -eighth  and  forty-first  parallels  w^as  first 
plac(»d  under  the  direction  of  Captain  Gunnison,  who,  however,  lost  his 
life  in  a  fight  with  the  Indians  in  Sevier  Lake  Valley  in  1853.     Lieut. 

E.  H.  Beckwith  was  then  placed  in  charge,  with  Dr. 
schid't  Work.  James  Schiel  as  geologist.  The  route  lay  across  Kansas, 

up  the  Arkansas  River,  and  across  the  front  mnge  to 
the  valleys  of  the  (Inind  and  (Ireen  rivers,  south  of  Salt  l^ake;  thence 
across  the  HumlH)ldt  Desert  and  Sierra  Nevadas  to  the  Pitt  and  Sacra- 
mento rivers  in  California.  The  reiK)rt  contains  si*arcely  anything  of 
value  from  a  geological  standj)oint,  being  mainly  mineralogi(*al  and 
lithologioil,  though  a  few  invertebrate  fossils  are  describ<»d  and  one 
fossil  fish,  the  first  named  being  mainly  spi»cimens  of  /*/v>////r/?//<, 
IWfhratnla^  Ihihu ramun^  and  (injph*ti.  Nothing  was  said  regarding 
their  prolwible  geological  age. 

Dr.  John  Evans,  whose  earlv  work  in  the   Rad  Lands  is  noted  (4se- 
where,  made  to  (iovernor  LI.  Stevens  rejK)rts  on  the  geology  of  the 
northern  route,  which  w<»re,  however,  never  printed. 
Dr.  John  Evam'*  .Vccording  to  Enmions,"  two  rej^orts  were  made,  but 

work^inWMhiiiftQii  \^^^\^  ^y^»j.^,  1^,,^^  ju  transit  from  tht*  Pacific  Coast  to 
T«,.ii4wTu.  Washington.      No  final  rejx>rt  was  published,  though 

corres|X)ndence  shows  that  such  was  prepared  and  sent  to  the  (lovern- 
ment  Printing  Office  as  early  as  lsr»l.  D<K*tor  Evans  dying  in  1H61, 
all  trare  of  the  manus^'ript  ap|M»ars  to  have  Imhmi  lost. 
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George  Gibbs  Accompanied  &  party  under  the  command  of  Capt. 

George  B.  McClellan  and  made  reports  on  the  country  lying  on  Shoal - 

wat«r  Bay  and  Piiget  Sound,  and  also  in  the  central  part  of  what  was 

then  the  Territory  of  Wash- 

IP"^  I    {^wJ-tiw™*"^  ington-    His  published  notes 

B^i^  contained  little  of  geological 

L  _  interest.     Gibbs,  it  .should  be  stated,  while 

^-^^^y     active  in  s<^'icntitiv  matters,  did  little  work 
*^^^^H     along  the  broad  lines  of  geology.     His  bib- 
■k~..^*^^^^P     liography  consists,  in  addition  to  the  above, 
m^^^^*     of  three  brief  notes,  altogether  comprising 
^^P  loss  than  a  printed  page.     He  thought  to 

/^^     have  discovered  that  the  paving   blocks — 
d^M^I     pebbles—  on  Waverly  Place  in   New  York 
V       ^^^^H    City  had  through  the  weight  of  traflic  yielded 
^^^^^^^1    as  if  plastic,  so  that  the  concavity  of  one 
Flo. 6!.-Oooue  uibbB.  fitted  into  a  corresponding  convexity  in  its 

neighbor.  He  also  called  attention  to  the 
"glades"  in  Oakland,  Allegany  County,  Maryland,  which  he  believed 
to  have  been  the  scats  of  ancient  glaciers. 

In  ih'xs  connection  mention  sbould  be  made  of  the  survey  by  Swallow 
of  that  portion  of  the  line  built  under  State  auspices 
tbaSoathwcM  and  extending  from  St.  Louis  westward  to  the  State 

RaUnwd  In  MiMoari.  line  and  known  as  the  Southwest  Bi'ancli.  The  report 
of  this  survey  comprised,  all  told,  less  tlian  one  hundred 
pages,  and  is  of  interest  mainly  for  the  coloi-ed  geologii-al  map  of  the 
region  traversed.  It  dealt,  naturally,  mainly  with  economic  questions, 
as  the  distribution  of  the  ores  of  lead,  zinc, 
and  copper  and  the  character  of  the  soil. 

In  lHS-1  the  gcnei-al  assembly  of  Tenncs.sce 
pas.sed  an  act  civuting  for  a  si'cond  lime  the 
office  of  geologist  and  mineralogist  of  the 
State.  .1,  M,  Satford,  then  holding  the  chair 
of  chemistry,  geology,  and  natural  history 
in  the  Cumberland  I'niver- 
fjHS^ieT'sM"  '^'ty  "t  I-^twion.  Tennessee, 
was  appointed  tu  the  posi- 
tion, continuing  to  serve  until  the  outbreak 
of  the  civil  war,  when  the  work  was  aban- 
doned. During  this  time  he  published  two 
biennial  reports,  the  tirst  in  18.56  compris- 
ing IW  pages,  and  the  second  in  18.5"  com- 
prising but  11  pages.  A  Jinal  volume  on  the  getdogy  of  Tennessee, 
comprising  550  pages  with  7  plates  of  fossiU,  appeared  in  IStiy  (see 
p.  534). 


■s  Merrill  Sallord. 
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The  first  report,  known  under  the  title  of  Geolo^cal  Kcconnaissance 
of  Tennessee,  was  presented  to  the  general  assembly  in  1855,  and  pub- 
lished in  1856.  It  was  given  up  largely  to  a  Homewhat  popular  treatise 
on  the  economic  geology  of  the  State,  with  much  interesting  stratigrapb- 
ical  matter. 

He  discussed  the  occurrence  of  the  ores  of  iron,  copper,  lead,  zinc, 
and  even  gold  and  silver,  and  included  also  a  brief  chapt«r  on  Alu- 
minum or  the  Metal  from  Clay.  "Stone  coal"  and  the  marbles 
received  a  share  of  attention,  as  well  as  various  minor  minerals.  From 
a  strictly  geological  standpoint  the  matter  given  in  chapters  5  and  0 — 
the  closing  chapters  of  the  ivport — was  of  greatest  importance.  Here 
he  dwelt  on  the  general  gcolugical  structure  of  the  Stute  and  gave  the 
now  well-known  Cumlterliind  section,  reproduced  with  the  original 
legend  in  fig.  64,  and  also  an  ideal  cross  section  illustrating  the  geolog- 
ical structure  of  Kast  Tenneswe.  He  pointed  out  the  striking  paral- 
lelism of  the  valleys  and  ridges  and  the  occasional  verti<-al  position  of 
the  beds,  as  well  as  the  frequent  repetition  of  the  same  series  of  beds, 
due  to  folding  and  faulting. 


»  I 
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He  grouped  the  rocks  undor  fourteen  formations,  extending  from 
ihe  mica-slate  group  of  m»'tjimori>hic  rocks  of  \xo\v  age  to  the  Allu- 
vial, post-Tertiary  series.  The  much  discussed  and  sttll  enigmatical 
(>coe«>  fonglome rates  wen'  included  in  his  scmimctauiorphic  scries  at 
the  top  of  the  Azoic.  Trtstst.  it  will  Ik-  rcmcmls-rcd.  put  them  at  the 
base  of  his  Cambrian. 

Tlie  itii|K>rlaiice  of  fossils  for  pur)HiM>s  of  corndalion  was  at  this 
time  distinctly  recognized. 

KvtTv  (itnaatidii  hiw.  in  im-at  |«rt.  it«  imn  H|B-<'i4n  <if  [mviiii.  Miirt  nt  thinH'  tmuiil 
hi  ■•■■(■•l<i  iii>t'Ki-iirinBiiy<illit-r.  l'\*m  lliix  (lu-t  ili-;H'nilM  (lie  icn-at  iililily  i>f  f'lwilH. 
Thry  fiiniixli.  wlx-ii  known  w-11  <-n<>iii;li  1«  U'  rf<-<>t.'[ii»-<l.  iiti>i.i»lukiil>l>'  .'vMciircof 
the  uiiiliiiiii'kl  |Haritiuii,  ■ml  lit- no-  Itn'  ifciicnil  I'lturai'tcr  >i(  llic  {•iniiulinii  in  Kiiii-li 
they  (i(iiir. 
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This  report  shows  on  the  part  of  Safford  a  thorough  insight  into  the 
intricacies  of  the  structure  of  the  State  and  an  ability  to  grasp  the 
salient  features  and  master  the  broader  problems  in  a  manner  perhaps 
not  realized  by  many  of  his  contemporaries  and  successors. 

The  second  biennial  report,  which  appeared  in  1857,  gave  simply  a 
brief  account  of  the  objects  and  utility  of  the  survey,  with  a  general 
summar}'  of  what  had  been  accomplished. 

In  this  connection  Richard  O.  Currev's  Sketch  of  the  Geolosrv  of  the 
same  State  may  be  mentioned  briefly.  Currey  had  been  a  pupil  of 
Troost  and  later  a  professor  of  chemistr}'^  and  geology  in  East  Ten- 

nessee  University.     His  geological  writings  are  few 

R.O.Currcy's  Sketch         ii««i  '"^i  •  t        t^         % 

of  the  oeoioffv  of       and   limited   mainly  to  such  papers  as  the  Southern 

Journal  of  Medical  and  Phvsical  Sciences,  the  Nash- 
ville  Banner,  and  The  Virginias.  The  sketches  above  referred  to  were 
first  published  in  1853  in  the  Nashville  Banner,  and  subsequently 
brought  out,  under  the  title  quoted,  in  form  of  a  booklet  oi  128  pages, 
accompanied  by  a  reprint  of  Saff*ord's  map  in  black  and  white. 

In  1854  Dr.  Ebenezer  Emmons  })egan  the  publication  of  a  work  on 
American  Geology,  the  intention  being,  as  announced  in  the '^pro- 
posals," to  bring  it  out  in  four  or  live  part<,  each  of  which  should 

contain  about  2(K)  pages  of  matter.  The  first  part, 
aStogy^'issT"'^*^"  containing  194  pages,  was  issued  at  Albany  in  1S54. 

It  was  given  up  mainly  to  a  discussion  of  the  general 
principles  of  geology,  of  the  rocks  composing  the  earth's  crust,  and 
some  70  pages  devoted  to  An  Application  of  Geological  Fact^  and 
Principles  to  the  Business  of  Mining.  Part  II— the  last  that  was  ever 
issued — comprised  250  pages  and  IS  plates,  and  was  given  up  to  an 
exposition  of  the  author's  views  on  tlie  Taconic  and  Lower  Silurian 
systems  as  developed  in  America  and  England. 

This  work,  as  outlined,  was  by  far  the  most  pretentious  of  its  kind 
that  had  thus  far  appeared  in  America,  antedating  Dana's  Manual  by 
some  ten  y(»ars,  and  having  for  its  pi'edecessors  onl}'  the  American 
reprints  of  BakewelTs  Introduction.  Buckland's  Bridgewater  Treatise, 
and  De  La  Beche's  Manual,  besides  the  smaller  text-lx)oks  of  Eaton 
and  F^mmons,  publisiied  in  the  twenties,  and  which  have  been  pre- 
viously noted.  There  was,  th(M'efore,  a!n])l(*  room  for  a  work  of  this 
nature,  but  it  is  doubtful  if  tiie  occasion  was  pr()])itious  or  Emmons 
the  man  for  the  task.  Too  much  of  the  work  (122  pages)  was  given 
up  to  a  defense  of  the  author's  own  peculiar  views,  wiiich  were  not  in 
all  cases  the  best,  or  most  generally  accepted.  His  style  was  |)oor, 
ofttM)  lacking  in  perspicuity,  and  in  many  ways  he  laid  himself  open  to 
savage  onslaughts  of  criticism."  rnjnst  as  nmch  of  tiiis  criticism  may 
hav<*  been,  Emmons,  it  nnist  be  conf(»ssed,  showed  singular  ignorance 

''StH'  Hall's  review  (imsi^iUMl)  in  thr  American  .Iniiriial  ui  Scieiice,  XIX,  May,  18.V>. 
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of,  or  indifference  toward,  much  of  the  work  that  had  been  done  in  the 
West  and  Northwest,  and  his  ideas  regarding  the  early  history  of  the 
globe  were  not  the  most  advanced.  Heat  was  regarded  as  at  first 
the  predominant  and  active  element.  As  the  activity  of  fire  dimin- 
ished, that  of  the  antagonistic  element,  water,  increased.  The  first 
was  paroxysmal  in  its  action,  the  latter  constant.  In  America  he 
found  the  evidences  of  aqueous  agencies  on  a  grand  scale,  but  "vol- 
canic fire"  seemed  so  far  a  thing  of  the  past  that  it  was  "  impossible 
to  obtain  specimens  even  for  laboratory  illustration." 

Fire  or  heat,  he  wrote,  acts  in  four  ways:  (1)  In  the  elevation  of 
areas  by  expansive  forces  beneath  the  crust;  (2)  b}'  the  transferrence 
of  fused  matter  from  the  interior  to  the  surface;  (3)  by  producing 
areas  of  subsidence,  caused  by  this  loss  of  matter  from  beneath;  and 
(4)  the  elevation  or  depression  of  areas  simply  through  ex[)ansion  and 
contraction  of  strata  by  heat  and  cold.  The  internal  heat  he  regarded 
as  effective  in  sustaining  "  that  degree  of  temperature  which  is  best 
fitted  to  the  organic  and  structural  conditions  of  living  beings"  on  the 
earth. 

The  classification  adopted  was  essentially  the  same  as  that  put  out 
in  his  North  Carolina  report  (p.  431)  and  need  not  be  repeated  here. 

The  pyrocrystalline  rocks,  it  may  be  stated,  however,  he  regarded 
as  the  results  of  the  primary  consolidation  of  the  earth's  crust.  The 
fact  that  some  of  these  occurred  in  dikes  he  thoucrht  to  be  due  to  the 
Assuring  of  the  earlier-cooled  portions  of  the  crust  by  shrinkage  and 
the  forcing  up  through  these  fissures  of  the  lower,  still  unconsolidated 
portion.  He  imagined  that  the  age  of  rocks  might  be  deduced  from 
their  crystalline  state,  the  older  having  been  subjected  to  greater  heat 
and  hence  tecoming  most  perfectly  fused  and  most  highly  crystalline 
on  cooling.  The  granites  were,  therefore,  regarded  as  the  first  prod- 
ucts of  cooling  and  the  oldest  of  rocks. 

Emmons  regarded  concretions  and  nodules  as  symmetrical  Inxiies 
due  to  '*a  force  bv  virtue  of  which  the  molecules  are  reallv  transferred 
to  central  points  where,  by  constant  accumulation,''  they  form  the 
concretion.  The  {mrallel  planes  of  the  rhombic  forms  in  limestones 
and  slaty  rocks,  and  jointiHl  structure  in  general,  "admits  of  the  same 
explanation."  The  concentric  weathering  shown  by  massive  rocks 
was  referred  to  the  same  cause.  Further  than  this,  he  regarded  the 
phenomena  of  rift  and  grain  in  a  massive  roik  as  identical  with  cleav- 
age in  a  simple  mineral.  Such  nn'ks  "'are  not  only  comixwed  of 
crvstallized  minerals,  but  thev  are  crvstalline  in  the  mass/' 

The  serpentine  of  Syracuse,  New  York,  he  considered  a  magnesian 
/ock  altered  by  proximity  toeruptiv(»s,  and  lit*  still  adhered  to  the  idea 
of  the  igneous  origin  of  the  crystalline  limestones  of  St.  I^awrence 
County,  as  announced  in  his  N<»w  York  report.  For  the  first  time  in 
an  Americ*an  text-book  then*  was  here  recognized  the  relationship 
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existing  between  conglomerates  and  sandstones  as  shore  deposits  and 
the  pelagic,  calcareous,  and  argillaceous  materials  laid  down  at  greater 
depths. 

In  1854  Dr.  William  Kitchell  was  appointed  superintendent  of  the 
geological  survey  of  New  J  ersey .  He  continued  in  office  until  the  close 
of  1856,  during  which  time  he   made  three   annual  reports,  being 

assisted  in  the  geological  work  by  George  H.  Cook 
Survey  of  New         and  in  the  topographic  by  Egbert  L.  Viele.     It  was 

expected  that  Conrad  would  take  charge  of  the  pale- 
ontological  work,  but  failing  health  forcing  him  to  resign,  it  was  placed 
in  the  hands  of  James  Hall.  Up  to  the  time  of  the  discontinuance  of 
the  survey,  however,  Hall  appears  to  have  done  little.  The  vertebrate 
fossils  collected  were  placed  in  the  hands  of  Joseph  Leidy .  Mr.  Henry 
Wurtz  served  as  chemist  and  mineralogist. 

Such  part  of  the  work  as  was  done  directly  by  Kitchell  contained 
little  that  was  original  or  worthy  of  note,  the  stratigraphic  work  being 
almost  wholly  done  by  Prof essor  Cook.  In  the  first  report  considera- 
ble attention  was  paid  to  the  greenstone  marls,  their  distribution  and 
chemical  composition,  although  other  economic  questions  were  taken 
up,  particularly  those  relating  to  the  iron  ores.  The  magnetic  iron 
ores  were  regarded  as  deposited  contemporaneously  with  the  sedi- 
mentary rocks  in  which  they  were  inclosed. 

In  the  third  annual  report,  printed  in  1856,  Cook  called  attention  to 
the  swamp  lands  and  buried  timber,  and  also  the  apparent  gradual 
encroachments  of  the  sea  in  Cape  May  Count}^  and  stated  it  as  his 
opinion  that  the  sinking  of  the  coast  was  going  on  at  the  rate  of  about 
2  feet  in  one  hundred  vears.  The  white  crvstalline  limestone  of  the 
highlands  was  here  classed  as  Azoic. 

The  results  of  these  olKservations  were  afterwards  printed  with  some 
additional  matter  in  separate  form,  entitled  Geology  of  the  County  of 
Cape*  May,  State  of  New  Jersey,  bearing  the  date  of  1857.  This  report 
contained  a  colored  geological  map  of  the  county  and  catalogues  of 
the  zoologiail  and  botanical  collections  and  a  few  fossil  invertebrates. 

The  survev  was  brought  to  a  close  on  the  1st  of  May,  1856,  owing 
to  tJH^  fact  that  the  State  did  not  feel  able  to  provide  an  appropriation 
for  its  continuance." 

The  surveying  paily  under  Maj.  W.  H.  Emory,  for  the  purpose  of 
tixing  tlie  Mexican  })oundarv  in  accordance  with  the  treaty  of  1854, 
was  accompanied  by  Dr.  C-.  C  Parry  in  the  capacity  of  geologist  and 

botanist  and  ArtliurScliott  as  an  assistant.    Theobser- 

Bmory's  Mexican 

Boundary  Survey,     vations  luiuw  hv  tlicsc*  two  uion  wcrc  largely  physio- 
graphical  and  niineralogical,  with  numerous  notes  of  a 
lithological    natun*.      Collections  of   fossils  were   fortunately  made. 


'' Ac<'ordinj^  to  C<M)k  ((icoloj^y  of  New  Jcn^ry,  1H()M),  Kitchell  (I'kmI  Middenly  in  the 
midst  of  bin  active  (hitios,  Icavinji;  his  iiotvy  and  paiH»rH  unarranjrtMl  f(»r  i)ublication. 
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which  were  referred  to  Messrs.  Hall  and  Conrad  for  determination  and 
report.  The  published  report,  the  work  of  all  the  above  mentioned, 
comprised  but  174  pages  of  text,  with  21  plates  of  fossils.  It  was, 
however,  noteworthy  in  containing  a  colored  geological  map  of  the 
Missimppi  Valley  and  country  to  the  west.  This  has  the  distinction 
of  being  the  earliest  colored  geological  map  of  the  region  published  by 
the  Government.  It  is,  moreover,  of  historical  interest  as  showing 
how  little  was  definitely  known  of  the  region.  The  known  mountain 
ranges  were  colored  as  metamorphic,  often  flanked  by  more  or  less 
sinuous,  narrow  bands  of  Cretaceous  and  Carl)oniferous  rocks.  Large 
areas  of  igneous  rocks  were  represented  as  occurring  in  the  extreme 
northwest  (California,  Oregon,  and  Washington),  but  the  great  inte- 
rior, the  Great  Basin  region,  was  left  almost  entirely  blank — geolog- 
ically a  terra  incognita. 

The  fossils,  collected  largely  from  Texas,  were  almost  wholly  Ter- 
tiary, Cretaceous,  and  Upper  Carboniferous  forms.  A  few  Lower 
Silurian  forms  were  figured  and  named  by  Hall,  but  no  descriptions 
were  given. 

What  should  have  been  the  most  important  work  on  economic 
geology  of  the  year,  and  perhaps  the  most  important  thus  far  to 
appear,  with  the  exception  of  Whitney's  Metallic  Wealth  of  the  United 

States,  already  noted,  was  Lesley's  Manual  of  Coal 
cSj^'iSsSr""*'**     *"^  ^P^  Topography,  issued  in  1850— an  octavo  volume 

of  224  pages.  The  scope  of  the  volume  was,  however, 
M-arcely  what  one  would  be  led  to  expect  from  its  title,  and  its  possible 
usefulness  sadly  marred  by  the  i>ersonal  claims  of  the  author.  Not 
confining  hinLself  to  the  subject  of  coal  and  its  topogmphy,  he  entered 
freely  into  the  subject  of  mountain  structure,  with  especial  reference 
to  the  Appalachians,  the  formation  of  valle^^s,  theories  of  the  drift, 
topographical  drawing,  and  kindred  subjects.  I^slc}'  was,  it  should 
Ik*  remembered,  a  topographical  assistant  on  the  survey  under  Rogers 
in  1839-1851.  Reference  to  his  work  while  on  the  survev  is  there- 
fore  to  be  expected,  though  it  nuist  be  confessed  one's  expectations 
are  somewhat  exceeded  when  he  lays  claim,  on  his  own  l)ehalf  and 
that  of  Messrs.  Whelpley  and  Henderson— also  assistants  on  the 
Rogers  sun^ey — to  having  l)een  the  first  to  unnivel  the  intricacies  of 
Appalachian  structure.  '*  Years  of  patient  toil,"  he  writes,  ''it  cost 
us  to  unfold  the  mysteries  of  the  Pennsylvania  and  Virginia  range.-' 
This  same  claim,  in  an  even  more  aggressive  form,  he  put  forward 
again  three  years  later,  in  his  Iron  Manufacturer's  Guide,  which 
appeared  under  the  authority  of  the  American  Iron  Association,  of 
which  he  was  secretarv,  in  1S51).^ 

"Th<*f<t'  atta4*kf9  bnmjcht  fr»rth  an  (-mphatio  n*joindt'r  fn)iii  K.  K.  H<vi»n*  (a  brother 
of  11.  I>.  Kogeni),  whii'h  waM  printed  privately  in  fonii  of  a  (lainphlet  of  2*2  pa^^, 
1859. 
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The  merits  of  the  ease  can  not  here  he  decided,  but  it  would  seem 
most  probable  that  this  offers  but  another  illustmtion  of  the  experi- 
ences of  every  executive  who  has  planned,  directed,  and  rendered 
possible  the  work  of  subordinates,  only  to  find  in  the  end  that  the 
value  of  his  instrumentality  is  quite  underestimated,  and  all  credit 
claimed  by  him  to  whom  opportunit}'  was  given. 

In  185f)  Dr.  Edward  Hitchcock  came  once  more  to  the  front  through 
the  medium  of  the  Smithsonian  Contributions  to  Knowledge  with  a 
paper  of  some  150  royal  quarto  pages  and  12  plates.  In  this  he  con- 
^    „  sidered  all  changes  which  had  taken  place  since  the 

Dr.  Edward  <.irrt.  -iii  . 

Hitchcock'*  close  of  the  lertiarv  period  as  belonging  to  the  ^''allu- 

niuttratioM  of  .    1   i.  ^»         M         ^    1  .11    . 

Surface  Qeoioiry.       Vial  formation,"  and  due  to  causes  still  m  operation. 

The  products  of  these  changes  he  classed  as  (1)  drift 
unmodified  and  (2)  drift  modified,  under  the  latter  including  such 
deposits  as  beaches,  ancient  and  modern;  submarine  ridges;  sea  bot- 
toms; osars;  dunes;  terraces;  deltiis,  and  moraines.  The  drift  proper 
he  regarded  as  a  product  of  ""  several  agencies— icebergs,  glaciers, 
landslips,  and  waves  of  translation"" — which,  though  more  active  in 
the  past  than  now,  are  still  at  work.  The  sandy  and  gravelly  plains 
(the  overwash  of  modern  geologists)  and  the  low  ridges  of  New  Eng- 
land were  thought  to  represent  old  sea  bottoms,  to  be  ''explained  only 
by  the  former  presence  of  the  ocean  above  them,  with  its  tides  and 
currents." 

The  terraces  of  the  Connecticut  River  were  descril)ed  in  great  detail, 
with  numerous  references  to  those*  of  other  regions,  both  at  home  and 
abroad.  The  chief  agency  in  the  fornmtiou  of  these  appeared  to  him, 
and  rightly,  to  have  been  water.  Moraine  terraces,  however,  demanded 
the  action  of  stranded  icebergs  in  addition.  To  account  for  the  drift 
accumulations  at  various  altitudes,  he  conceived  that  the  ocean  water 
must  have  stood  some  2,5oo  feet  above  its  present  level.  He  conceived 
further  '*that  all  tiie  northern  part  of  this  continent,  at  least  all  east 
of  the  Mississippi,  had  bt»en  covered  by  the  ocean  since  the  glacial 
period,"  in  this  agreeing  witli  Agassiz.  As  to  the  origin  of  the  mate- 
rial of  the  ''irn^gular  coarse  deposit  beneath  the  modified  beaches  and 
terraces,"  he  agre(»d  essentially  with  the  (Terman  geologist,  Naumann, 
in  supposing  that:  (1)  The  eroding  materials  must  have  been  conuni- 
nuted  stone;  (2)  they  must  have  been  borne  along  under  heav}'  pres- 
sure; (3)  the  moving  force  must  have  operated  slowl}'  and  with 
prodigious  energy,  and  (4)  moving  in  a  nearly  uniform  direction, 
though  liable  to  local  divergence:  (;"))  the  vehicle*  of  the  eroded  mate- 
rial couUi  not  have  been  water  alone,  (♦>)  but  a  firm  and  heavy  mass, 
somewhat  plastic.  **  Where,  now,  save  in  glaciers,  icebergs,  and  ice 
islands  can  w<*  find  atfencies  tiiat  meet  the  conditions  of  the  above 
principles  respecting  drift  f  The  exact  period  of  operation  of  the 
drift  agency  natumlly  he  found  difficulty  in  determining.     He  felt 
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that  while  the  jjreater  part  of  the  work  wa.s  accomplished  before  the 
continent  had  emerged  very  considerably  from  the  water,  nevertheless 
the  work  of  erosion  went  on  for  some  time  after  emergence  })egan. 

In  his  discassion  relative  to  traces  of  ancient  glat'iers  he  called  atten- 
tion to  the  occurrence  of  two  series  of  stria*,  differing  in  their  direc- 
tion, the  more  extensive  being  what  he  termed  ^' drift  striie,"  and  the 
second,  much  more  limited  in  extent,  ''glacial  strias"*  the  latter  being 
confined  to  the  valleys.  The  first  he  thought  due  to  ac^ueo-glacial 
causes;  the  last  to  glaciers  existing  earlier  than  the  drift.  Further 
investigation  brought  to  light  other  stria*  which  seemed  quite  as  recent 
as  any  ciiused  by  the  drift  agency,  and  he  confessed  to  a  feeling  of 
doubt  as  to  which  of  the  agencies  was  earliest.  ''  Perhaps  there  were 
two  periods  of  glaciei"s,  one  before  and  one  subsecpient  to  the  drift. 

The  facts  concerning  the  dispersion  of  lx)wlders  he  thought  could  be 
more  satisfactorily-  explained  by  icebergs  than  by  glaciers,  since  this 
tnmsportation  and  scattering  continued  till  after  the  time  when  a  large 
part  of  the  beaches  and  terraces  were  formed,  (ilaciers  would  have 
plowed  tracks  through  stratified  de|K>sits.  lcel)ergs  such  as  now 
traverse  the  Atlantic  might  curry  }H)wlders  over  the  beaches  and  ter- 
races and  drop  them  from  time  to  time,  forming  thus  the  intermixture 
of  coarsi*,  angular  blocks  and  beach  or  terrace  material  jis  we  now  find 
it.  '"The  sup|)osition  that  a  glacier  once  existed  on  this  continent, 
wide  enough  to  reach  from  Newfoundland  to  the  K<Kky  Mountains,  is 
the  grand  difficulty  in  th<*  way  of  the  glacial  theory."  (See  further 
on  p.  471.) 

The  illustrations  accomj>anying  this  pa]M>r  were  lK»autifully  exe- 
cut(Hl,  perhaps  the  best,  lM)th  those  in  color  and  in  black  and  white, 
that  had  thus  far  In^en  produced. 

A  s€»cond  work  of  Hitchcock,  published  this  siime  year  and  iu»eding 
a  brief  reference,  was  his  (leology  of  the  (iIoIh*,  a  small  octavo  volume 
of  18*>  pag<»s,  ♦)  plates  of  fossils,  and  2  colored  geological  maps,  one 
of  the  Tnited  States  and  ('ana^la  and  one  of  the  world. 

The  source  of  inspiration  was  evidently  l^)ue's  treatise  published 
under  the  auspices  of  the  (ieological  Society  of  France.  On  the  maps 
the  various  formations,  indicated  by  color,  were:  (1)  Hypozoic  and 
metamorphic  strata,  with  granite,  syenite,  and  some  porphyries;  (2) 
Primary  fossilif(»rous  strata  to  the  top  of  the  ('arlM)niferous;  (3)  Sec- 
ondary strata;  (4)  Tertiary  strata;  (r»)  Alluvial  de|K)sits;  and  (0)  Vol- 
i-anoes  ami  igneous  roi'ks  of  the  .Vlluvial  and  Tertiary  periods. 
Comparatively  f<»w  artMts  are  left  uncolored — areas  scarcely  larger  than 
thoM*  left  as  unknown  or  uncertain  on  the  map  published  in  1MS4  by 
the  official  surv(»v  of  the  Tnitc^d  States.  When  one  thinks  of  this  he 
can  but  smile  at  the  naive  remark  of  the  author  when  referring  to  the 
coloring:  ''Nor  can  1  doubt  that  it  if*  done  approximately  correct." 
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Suoh  fi  work  was  iieLCswarily  latx*!l>'  "  compilation  and  contiUDed 
little  origiiiiil  iimtter. 

J.  D.  Dana,  in  an  atticlc  On  the  Plan  of  lievelopmeiit  iii  thf  Geo- 
lojfical  History  of  Noi-th  America,  called  attention  to  the  fact  that  the 
greater  mountain  ranges  border  on  the  greater  oceans  in  both  Ameri- 
cas, also  to  the  apparent  fact  that  volcanic  activity,  or 


est  alon^  the  coasts  bordering  on  the  greater  o 
Assuming  that  the  typical  form  of  a  continent  is  a  basin  with  bor- 
ders of  mountains  facing  the  oceans,  and  the  heights  of  the  mountaios 
and  vulcanic  activity  ait;  proportional  to  the  size  of  the  oceans,  and 
again  that  volcanoes  characterize  oceanic  islands  and  not  continental 
interioi's,  he  showed  that  the  extent  and  position  of  oceanic  depres- 
sions have  in  a  great  degree  determined  the  features  of  the  land;  that 
oceanic  depression  and  continental  elevation  have  both 

|l>cen  in  progre^  with  nmtual  reaction  from  the  begin- 
ning of  the  earth's  refrigeration.  The  original  V-shaped 
character  of  the  North  American  continent  he  showed 
to  be  due  to  the  forces  acting  from  the  two  oceans. 
"  Contraction  was  the  power,  under  Divine  Direction, 
which  led  to  the  oscillations  of  the  crust,  the  varied  suc- 
cessions in  the  strata."  These  views,  it  will  l»e  observed, 
are  largely  in  accordance  with  those  advanced  in  his 
Wilkes  Exploring  Kxpedition  rcjjortin  liS-iJI. 
Prior  to  1S5I1  the  age  of  the  slates  of  Braintree,  Mas- 
siicliusctts,  luid  l)ccn  problematical.  By 
K^So'SiS.'i'sM.  ""^-t  "f  *'»'  fT'-^logi^t"  «f  the  time  they 
had  been  considered  as  Primary  or.  pos- 
sibly. Tmnsitional.  A  distinct  iidvance  was,  therefore, 
dnxKiv- hariniii.  marked  when,  at  the  August,  185*i.  meeting  of  the 
Boston  Society  of  Natiiriil  History,  Prof.  W.  B.  Rogers 
iinnounced  the  finding  in  those  slates  of  trilol)ites.  Inter  identified  as 
Ix-longing  to  Barrande's  Panidoxides  and  perhaps  identical  with 
(Irern's  I'lfnuliu-iilcn  harlinii,  which  hiid  beendescrilM'd  from  a  speci- 
men, .source  unknown,  in  the  cabinet  of  Mr.  Francis  Alger.  On 
presentation  of  this  evidence  Rogers  felt  justilied  in  i-eferring  the 
Braintree  slates  to  the  horizon  of  the  lowest  Paleozoic  group,  or 
alK>ut  the  level  of  the  Primal  rocks,  the  Potsdam  sandstone,  and  the 
Protozoic  sandstone  of  Owen.  The  beds,  it  may  be  noted,  are,  in  the 
latest  edition  of  Dana's  Manual  (lS!t4),  referred  to  the  Middle  Cam- 
brian, and,  therefore.  He  below  the  Potsdam. 

With  the  exception  of  the  papers  by  Dana  and  Couthouy,  scarcely 
anything  of  consequence  on  the  subject  of  corals,  geologically  consid- 
ered, had  thus  far  appeared  from  the  pen  of  an  American.  At  the 
meeting  of  the  American  Association  for  the  Advancement  of  Science, 
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in  1857,  •Joseph  Le  Conte,  then  professor  of  chemistry  and  geology   / 
in  the  University  of  South  Carolina,  made  his  first  appearance  in  the 

geological  arena,  with  a  paper,  subsequently  pub- 
ConSoro^^Vss?.   '^^^^^  in  the  American  Journal  of  Science,  in  which  he 

argued  that  the  peninsula  of  Florida  owed  its  southern 
continuation  to  a  double  process  of  coral-reef  growth  and  sedimenta- 
tion from  the  Gulf  Stream.  It  was  his  idea  that  the  sediments  brought 
down  by  the  Mississippi  sank  to  a  depth  be}  ond  observation  before 
reaching  the  Keys,  but  were  gradually  deposited  along  the  inner  side 
of  the  curve  formed  by  the  current  as  it  passed  around  the  point. 
When  the  bottom  should  have  become  sufficiently  elevated  by  this 
process,  a  new  reef  would  l)egin  to  form.  This  process  he  thought  to 
have  gone  on  until  the  channel  had  become  narrowed  as  now,  and  the 
rush  of  water,  together  with  the  depth,  pmctically  precluded  further 
de|)osition.  Waves  throwing  broken  material  upon  the  beaches  would 
serve  to  fill  the  old  channels  and  convert  them  into  dry  land.  In  brief, 
**the  peninsula  and  Keys  of  Florida  have  been  the  result  of  the  com- 
bined action  of  at  least  three  agencies.  First,  the  Gulf  Stream  laid 
the  foundation;  upon  that  corals  built  up  to  the  water  level;  and, 
finally,  the  work  was  completed  by  the  waves." 

Le  Conte  further  conceived  that  the  rate  of  flow  of  the  Gulf  Stream 
has  been  gradually  accelerated  by  the  narrowing  of  its  channel,  and 
hence  had  made  itself  manifest  at  a  greater  distance  into  the  Atlantic, 
thus  bringing  about  a  gradual  amelioration  of  the  climate  of  England. 

In  1855  the  first  State  geological  survey  of  Iowa  was  organized,  and 
Dr.  James  Hall  made  State  geologist.  The  organization  continued 
through  1858.  The  report**  of  the  surve}'  appeared  in  the  form  of 
..  ».  ^  .^^  .  ^^^  Oi'tavo  volumes,  of  which  the  second  volmue  was 
sj^v^(^i«wa,        given  up  wholly  to  paleontology.     Hall  was  assisted 

in  this  survey  by  J.  D.  Whitney,  who  served  as 
chemist  and  mineralogist,  and  by  A.  H.  Worthen,  F.  R  Meek,  and 
R.  P.  Whitfield. 

Hall  noted  the  rapid  westward  thinning  out  of  the  various  beds  of 
sedimentary  rocks,  including  those  of  the  Hudson  River,  Medina, 
Clinton,  Niagara,  and  Onondaga  salt  group,  and  Catskill  Mountain 
group,  and  made  the  following  comment: 

This  rvtnarkable  fact  (»f  the  thinning  out  westerly  of  all  the  Hcdiinentary  forma- 
tions pointft  to  a  cauwe  in  theeonditioii}*  of  the  anrient  tHvan,  and  the  currentw  wliieh 
tnuii'iMirted  the  frruit  maH»<  of  iiiaU*rial  along  ivrtain  liiie>',  whicti  lM>eanie  the  hneH 
of  KTeateRt  ai'cumuiation  of  m'«liinenti«,  and  (H)nHe«|iiently  preKMit  the  greatest  thick- 
new  of  fftrata  at  the  present  time.  It  in  thin  great  thi(kn<t4^  of  stntta,  whether  <li»- 
turl>e«l  and  inchned  ws  in  the  (treen  and  White  moimtainK  and  the  Ap|MilaehianM 
generally,  or  lying  horizontally  a^  in  the  Cat^^kill  Mountains,  that  gives  thentnmg 
fi'ature**  to  the  hilly  and  mountainoun  country  of  the  Fji^t  and  which  gradually  diea 
ont  an  we  go  westward  just  in  pnijiortion  a**  the  strata  lKH*ome  attenuated. 

HAT  Ml'8  1904 30 
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Again,  with  reference  to  the  subdued  features  of  the  West,  he 
wrote: 

The  thickness  of  the  entire  series  of  sedimentary  rocks,  no  matter  how  much  dis- 
turbed and  denuded,  is  not  here  great  enough  to  produce  mountain  features. 

In  this,  it  will  be  observed,  is  given  the  gist  of  his  theory  of  moun- 
tain formation,  as  announced  two  years  later. 

Numerous  changes  in  nomenclature  and  important  correlations  were 
made,  or  at  least  attempted.  The  Lower  Magnesian  limestone  of 
Owen  he  considered  as  identical  with  the  Calciferous  of  New  York, 
and  gave  the  name  Galena  to  the  limestone  immediately  succeeding 
the  Trenton,  and  which  Owen  had  called  Upper  Magnesian.  The 
''Coralline  and  Upper  Pentamerus  beds  of  the  Upper  Magnesian 
limestone,"  of  Owen,  he  identified  as  Niagara,  and  proposed  the  name 
Leclaire  to  designate  a  gray  to  whitish  limestone  lying  next  above  the 
Niagara  and  found  outcropping  near  the  town  of  that  name.  The 
entire  series  of  Coal  Measure  rocks  he  showed  to  have  been  deposited 
after  the  disturbances  producing  the  low  folds  in  the  Silurian  rocks, 
illustrating  their  relative  position  by  the  section  here  reproduced. 

The  encrinital  group  of  Burlington  and  that  of  Hannibal,  Missouri, 
thought  by  D.  D.  Owen  to  be  distinct,  were  considered  by  Hail  to  be 
identical.  The  entire  series  of  Carboniferous  limestones  were  regarded 
as  '*  successively  deposited  in  an  ocean,  the  limits  of  which  were  grad- 
ually contracted  upon  the  north  while  at  the  south  the  conditions  were 
becoming  more  and  more  favorable  to  the  development  of  this  kind  of 
deposition  and  to  the  support  of  the  fauna  which  abounded  throughout 
the  period,  until  both  culminated  in  the  great  limestone  formation  of 
Kaskaskia.     (The  Archimedes  limestone  of  Owen.) 

In  discussing  the  relationship  of  the  limestone  and  coal,  Hall  quoted 
from  his  report  on  the  geology  and  paleontology  of  the  Mexican 
Boundary,  elsewhere  alluded  to.     With  reference  to  this  he  wrote: 

The  conditions  favorable  to  the  production  of  an  extensive  dei)OHit  of  marine  linu*- 
stone  are  not  such  as  usually  a('('oiiij)any  the  production  of  coal.  In  the  prest^nt 
instance  tlie  ocean,  depositing  the  preat  liincHtonc  formations  previous  to  tlie  coal 
period,  occupied  to  a  great  extent  the  present  area  <»f  the  Coal  Mea>«ure8  which  suc- 
cee<led  in  the  valley  of  the  Mississippi.  *  *  *  We  l)egin  thus  to  comprehend  the 
truth,  that  during  the  period  of  the  great  coal  formations  of  the  West,  in  which  these 
calcareous  deposits  were  in  coursi'  of  formation — that  during  the  oscillations  which 
we  know  to  have  occurred  throughout  the  coal  j)eri(Ml  there  was  ^  time  when  the 
whole  area  became  dcpressetl  so  aw  to  allow  the  waters  of  the  western  ocean  to 
flow  overall  the  Coal  Measure  region;  or,  at  least,  as  far  northward  and  eastwanl 
as  the  northeastern  part  of  Ohio,  and  from  hence  it  derived  the  limestone  under 
consideration. 

The  series  of  beds  immediatelv  underlvinir  the  Carboniferous  rmrks 
at  Burlington,  and  now  considered  as  Kinderh(M)k  (sub-Carboniferous), 
Hall  relegated  to  the  Chemung;  this  proved  to  be  an  error,  and  one 
that  it  required  many  years  to  eradicate. 
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It  wan  noted  that  the  Potsdam  sandstone  seemed  likely  to  be  found 
strongly  developed  in  the  Rocky  Mountain  region. 

SubHoquent  to  this  period,  however,  every  sedimentary  formation  indicates  the 
proximity  of  land  on  the  east.  The  great  thickness  of  strata,  coarse  materials,  and 
numerous  fucoids  of  the  Hudson  River  group  in  its  eastern  extension  indicate  prox- 
imity to  land,  or  the  course  of  strong  currents,  while  in  the  west  the  formation  dies 
out  in  some  inconspicuous  fine  shaly  and  calcareous  betls,  which,  both  in  nature  and 
condition  of  the  material  and  in  the  fossil  contents,  indicate  great  distance  from  land 
and  a  quiet  ocean.  ^ 

Hall  took  the  ground  that  the  treeless  chaimcter  of  the  prairies  was 
due  mainly  to  the  charai'ter  of  the  soil,  and  inferred,  on  what  seemed 

^'The  volumes  of  this  work  now  in  the  library  of  the  National  Mustumi  were  the 
penmnal  property  of  F.  B.  Meek,  and  many  of  the  statements  made  by  Hall  are  sav- 
agely criticised  by  the  fonner  in  marginal  notes.  Thus,  with  referem-e  to  HalTs 
statements  as  to  the  Potsdam,  Meek  notes:  "It  was  quite  safe  for  him  to  make  this 
prediction,  when  he  knew  at  the  time  he  was  writing  it,  I  had  identified  Potsdam 
fossils  in  Hayden*s  collections  from  the  Black  Hills.  These  fossils  were  then  in  Pro- 
feaor  Hall's  house — he  had  seen  them  and  heard  me  say  I  regarded  them  as  Potsdam 
species." 

Still  jealous  of  his  discoverii^s  of  supposed  Permian  fossils  in  the  West,  Meek  also 
bitterly  criticised  Hall's  reference  to  the  occurrence  of  Permian  and  Jurassic  rocks  in 
the  Rocky  Mountain  region,  an<l  added  in  the  margin:  "This  was  all  intended  to 
bear  the  date  of  1857,  although  every  word  of  it  was  written  after  the  publication  of 
our  (i.  e.,  Meek  and  Hayden)  Permian  and  Jurassic  discoveries  in  1858." 

Again  on  page  142,  Hall  stated:  "In  the  early  part  of  1857  Mr.  Worthen  placed 
in  tlie  liands  of  the  writt^r  some  peculiar  fossils  collected  several  years  since  in 
Illinois  and  supposed  to  be  from  the  Coal  Measures.  These,  however,  were  at  once 
recr)gnized  as  of  i>eculiar  forms,  differing  fnmi  Coal-Measure  fossils,  and  a  farther 
examination  proves  them  to  In*  of  Permian  types,  and  closely  allie<l  to  British 
si>ecies."  To  this  statement  Meek  has  a<lde<i  the  following  marginal  note:  "At  the 
time  he  obtainetl  these  fojvils  from  Mr.  \V.  he  told  Mr.  W.  he  reganle<l  them  as 
lower  Cretaceous  fonns."  Als<i  "If  he  had  state<l  when  this  'later'  examinatitm 
was  ma<le,  it  would  have  Ihhmi  all  right;  Imt  he  leaves  it  to  be  inferred  that  it  was 
sometime  in  1857,  when,  in  fact,  it  was  not  until  after  the  publication  of  our  |>aper 
on  the  Kansas  fossils  on  the  2nd  of  March,  1858;  and  yet  he  intended  at  that  time 
tliat  this  report  should  l)t»ar  the  date  of  1H57." 

<>n  i«ge  144  Hall  suggested  the  prol)ability  of  finding  in  the  West  IxmIs  of  the  age  of 
the  Jura  or  Oolite  of  Kuro|)e.  To  this  Meek  has  adde<l  the  following:  "  How  wonder- 
fully sagacious  he  was  to  make  this  prediction,  when  he  knew  we  had  Jurassic  fossils 
then  in  his  house  (which  he  had  st»en)  from  the  Bla<*k  Hills,  Nebraska!  Yet  what 
i0  here  written  is  intende^i  to  <iate  in  1857." 

Again,  Hall  says:  "Thus  far  the  nilltH-tions  ma<le  in  the  ex [)lonit ions  across  this 
wet<teni  i-ountrj'  have  brought  us  no  tnie  Jurassic  fos.*<ils,  and  it  is  only  in  the  far 
north  and  U|>on  the  Pa<*ific  (^iH.'<t,  ta*  well  al>^>  a.^*  in  tlie  southern  extrt*mity  of  the 
continent,  ttiat  we  have  the  evidences  of  the  existence  <»f  tht»s**  r«H'ks  lielow  the  Cre- 
tju*(*«>Ufl  formation."  To  which  .MiH*k  ap[»end«Hi  the  following:  "-\t  the  very  time 
when  PrufesHc»r  Hall  wrote  those  words  some  of  I)<Mtor  Havden's  Jurassic  fossils  from 
the  Bhu*k  Hills  were  lying  in  a  tray  within  fifte«*n  fivt  of  him,  in  an  adjoining  room. 
I  lia«l  (mlletl  his  attention  to  them  and  told  him  I  was  satistitnl  they  nnist  Ik*  Jurassic 
fonns. '  * 

It  is  the  old  stor\'  of  jealousy  un<l  lunirtburning  (warrantetl  in  this  ti\i*i\  it  may  l>e) 
which  t»eeuii»  an  almost  in\'anable  out4x>me  of  any  attempt  at  mutual  collal)oration. 
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to  hiiu  to  be  reasonable  grounds,  that  the  soil  itself  originated  in  form 
of  an  almost  impalpable  sediment,  which  gradually  accumulated  on 
the  bottom  of  an  immense  lake  which  once  occupied  the  region. 

Hall,  as  alread}^  noted,  was  assisted  in  his  work  on  the  geological 
survey  of  Iowa  b}-  J.  D.  Whitney,  who  served  as  chemist  and  miner- 
alogist. A  good  deal  of  attention  was  given  by  Whitney  to  the  chem- 
ical nature  of  the  coals  and  the  distribution  and  mode 
lowaVTIss^**'^''*"    o^  occurrence  of  the  lead  and  zinc  oi'es.     There  was, 

however,  very  little  of  a  theoretical  nature,  and  specu- 
.  lations  regarding  the  origin  of  tlu^  ores  were  almost  entirely  lacking. 
He  regarded  the  iron  ore  of  Jackson  as  having  originated,  in  some 
instances  at  least,  through  the  decomiK)sition  of  nodules  of  iron  pyrites 
which  are  distributed  irregular!}-  through  the  rock.  In  other  cases  he 
thought  it  to  be  a  deposit  from  springs,  the  original  material,  how- 
ever, having  been  derived  from  the  decomposition  of  pyrite,  asl>efore. 

Considerable  attention  was  naturally  given  to  the  lead  and  zinc  ores. 
He  noted  that  where  the  (Jalena  Ihnestone  had  a  maximum  thickness, 
the  lead  deposits  were  limited  to  the  central  and  lower  portions  of  the 
rock,  and  never  penetrated  the  Blue  limestone,  and  he  had  satisfied 
himself  that,  in  a  gn^at  majority  of  cases  at  least,  the  deposits  diminished 
in  productiveness  nipidly  after  passing  below  a  limit  perhaps  fifty 
feet  above  the  base  of  the  (lalena.  When,  however,  the  Galena  lime- 
stone was  diminished  in  thickness,  he  noted  that  the  lead  deposits  were 
found  in  lower  and  lower  positions  until,  at  last,  the  bottom  of  the 
Blue  limestone  was  reached,  where  the  Upper  sandstone  entirely'  cut 
off  the  ore,  there  having  never  been  a  single  instance,  so  far  as  he  had 
ascertaintMJ.  in  which  a  crevice  had  been  worked  in  that  rock. 

lie  found  nnison,  therefore,  to  differ  somewhat  with  Owen  in  his 
statement  to  the  effect  that  when  a  mine  was  sunk  through  the  Cliff 
to  till*  Blue  limestone  beneatli,  the  lodes  slirank  to  insignificance,  as 
considerable  (h'posits  of  ore  had  been  worked  in  the  Blue  limestone, 
though  by  far  the  larger  portion  of  the  IcMid  of  the  upper  mines  came 
from  the  lead-bearing  rock. 

As  to  th(»  possibility  of  the  lead-bearing  crevices  extending  down- 
ward indefinitely  and  the  probability  of  deep  mining  ever  being  likely 
to  prove  profitable,  Wliitney  wrote,  **The  (juestion  can  be  answered 
unhivsitatingly  in  tluj  negative,"  anci  went  on  to  state  that  the  most 
profitable  method  of  mining  will  be  in  tlie  form  of  horizontal  excava- 
tions or  drifts  and  not  bv  means  of  vertical  sliafts. 

The  Iowa  lead  deposits,  it  should  b(»  noted,  he  regarded  as  oi!curring 
in  gash  veins.  The  mineral  deposits  of  the  Northwest  in  general  were 
classified  under  the  heads  of  surfaciMleposits,  vertical  crevices,  and  flat 
sheets,  as  in  his  work  on  th(»  metalli(;  wt^alth  of  the  United  States 
(p.  4;is). 

PtM'haps  the  most  [X'culiar  idea  advanced  by  Whitney  in  any  part 
of  his  re[K)rt  is  that  regjirding  the  origin  of  the  siliceous  matter  of  the 
Potsdam  sandstone. 
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It  has  l>een  generally  a«Hiiine<l  that  hucIi  sandstones  were  orijfinally  formeil  hy 
inechanieal  ageneies,  the  material  Ix'ing  siipposiHl  to  have  gradually  aeeumulated 
from  the  grinding  down  of  j)reviously  existing  ijuartzose  rcn'ks.  The  facts  collecte<l, 
however,  seem  rather  to  [loint  Ut  chemical  than  mechanical  causes.  *  *  *  We 
c^an  hardly  understan<l  how  such  an  amount  of  (juartzose  sand  couM  have  l)een  accu- 
mulated without  its  containing  at  the  same  time  a  considerable  (]uantity  of  detritus, 
which  could  be  recognized  as  liaving  come  from  the  destruction  of  the  schistose, 
feldspath,  and  trapjiean  nn-ks,  which  make  up  the  larger  portion  of  the  Azoic  series 
wherever  it  has  been  examined.  The  uniform  size  of  the  grains  of  which  the  sand- 
stone is  composed  an<l  the  ten<lency  to  the  development  of  crystalline  facets  in  them 
are  additional  facts  which  suggest  the  idea  of  chemical  precipitation  rather  than  (jf 
mechanical  accumulation." 

In  185()  Prof.  Edward  Hitchcock  was  appointed  Sfate  geologist  of 
Vermont,  and  continued  to  serve  until  1800,  at  which  time  he  submitted 
his  final  report,  which  appeared  in  1801  in  the  form  of  two  quarto  vol- 
umes of  982  pages,  accompanied  bv  a  colon^d  geolog- 
OcoioKy of  Vermont,   ical  map  of  the  State,  two  maps  showing  the  terraces 

and  ))eaches,  and  85  plates  of  scenery,  fossils,  sections, 
etc.  Hitchcock  was  assisted  in  the  work  by  his  sons,  Edward  Hitch- 
cock, jr.,  and  C  H.  Hitchcock,  and  by  Albert  I).  Hager,  in  whose 
c'harge  was  placed  the  final  publication  of  the  work. 

The  main  objects  of  the  survey,  as  outlined  in  the  introduction,  were 
first,  to  gain  such  a  knowledge  of  the  solid  rocks  of  the  Stiite  as  to  be 
able  to  delineate  them  upon  maps  and  sections;  second,  to  stud}'  the 
l<K)se  de|X)sits  lying  upon  the  solid  rocks  and  trace  out  the  changes 
which  the  surface  of  the  State  had  undergone;  third,  to  collect,  arrange, 
and  name  specimens  of  rocks,  minerals,  and  fossils  from  every  part  of 
the  State  for  the  State  cabinet;  fourth,  to  obtain  a  full  collection,  for 
the  same  cabinet,  4>f  specimens  valuable  from  an  economic  st4ind[H)int; 
and  fifth,  to  identify  the  metamorphosod  roiks  of  the  State  with  those 
which  had  not  been  thus  changed. 

The  systematic  geology  was  in  inunediate  charge  of  Professor 
Hitchcock,  though  aided  by  (\  l\.  Athims,  Zadock  Thompson,  A.  D. 
Hager,  and  C  H.  Hitchcock.  The  economic  geology  was  in  charge 
of  Hager,  and  the  chemistry,  of  ('.  H.  Hitchcock.  The  Hcv.  S.  K. 
Hall  aided  in  the  preparation  of  a  report  on  the  northern  part  of  tin* 
State  and  its  agricultural  possibilities.  The  paleontological  work  was 
done  by  James  Hall,  and  the  [mleobotanical  by  I^vs(|uereux.  Hit<*h- 
ci>ck  recognized  at  this  date  that  each  ro<*k  formation  was  character 
ized  by  it*  iMM'uliar  group  of  fossils  not  found  in  any  other;  so  that  a 
|)jiIe<mtoIogist,  on  seeing  a  sjKM'imen,  could  usually  t«'ll  from  which  of 

"The  explanation  of  thix  error  lii^  in  the  fact  that  the  vrrainn  of  whi<'h  thin  Han«l- 
>«tone  in  nia<le  up  have  l>een  c«*nu'nte<l  hy  :i  K'Con«lary  <leiM»»iition  of  interstitial 
Hilica,  HTj  <lf*|Ki»*it*Hl  lu*  to  conv«'rt  each  ^ramil»*  into  a  more  «»r  Ivs-*  fn-rftMi  rrystal.  of 
whiih  the  original  «an<l  t?rain  f«»nn.«  tlu*  inicleuM.  It  in  a  ra***'  of  HiN*on<lary  jrniuth 
Hri«i  I'nlansemi'Ut,  a  phenomenon  now  well  known  to  every  ]K'trugnipher,  but 
umlreauied  of  at  the  time  of  Whitney';*  writing. 
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the  series  it  came,  thus  indicating  a  great  advance  over  any  of  his  pre- 
vious reports. 

His  views  on  metamorphism  and  the  production  of  schistose  and 
slaty  cleavage  were  still,  however,  in  an  immature  state.  It  is  to  l)e 
noted,  however,  that  all  through  his  work  he  is  far  from  l>eing  dog- 
matic, usuallv  contenting  himself  with  a  discussion  of,  and  full  quota- 
tions from,  the  expressed  opinions  of  others,  stating  his  reasons  for 
adopting  or  rejecting  any  one,  as  the  case  may  have  been. 

Referring  to  the  agencies  of  metamorphism,  and  particularly  the 
chemical  changes  involved  in  the  ''transfer  of  ingredients  from  one 
part  of  a  mass  to  another,"  he  wrote:  ''We  know  of  no  other  agency 
b}^  which  this  could  be  produced,  except  by  galvanism."  To  the  same 
agency  he  would  ascribe  the  production  of  cleavage,  foliation,  and 
joints.  He  nevertheless  recognized  the  possibility  of  the  metamor- 
phism of  sediments  through  pressure,  and  dwelt  in  considerable  detail 
upon  the  elongation  and  flattening  of  pebbles  in  the  conglomerates 
near  Newport,  Rhode  Island.  The  jointing  of  rocks  in  these  conglom- 
ei*ates  he  regarded,  ns  already  stated,  as  due  "to  some  polar  force  such 
as  heat  or  galvanism.  Mere  shrinkage  could  not  have  separated  the 
pebbles  so  smoothly,  much  less  could  a  strain  from  beneath  have  thus 
fractured  them.  »  *  »  a  mere  inspection  of  the  rock  in  place  will 
satisfy  anyone  that  no  mechanical  agency  is  sufficient  to  explain  these 
phenomena."  Yet  to-day  "mere  inspection"  will  satisfy  anyone  that 
mechanical  agency  is  amply  sufficient.     (See  also  p.  510.) 

He  regarded  feldspar  in  all  of  the  crystjilline  rocks  as  the  result  of 
•I  process  of  metiiniorphism: 

Silicates  probably  furnished  the  ingredients,  wliich,  bein^  abstrarte<i  by  hot  water, 
left  tlie  excess  of  silica  in  the  form  of  <|nartz,  and  formed  the  feldspar  and  mica  to 
till  nj)  the  interstices.  The  feldspar,  wluch  lias  converte<l  the  cement  into  gneiss, 
could  have  no  other  origin,  and  this  fact,  in  connection  with  all  the  rest  which  have 
iKH'n  adduced,  forces  a  presumption  that  feldspar  in  nearly  all  the  <'rystalline  nn-ks, 
stratitie<l  and  unstratitied,  is  a  i>roduct  of  metamorj)hism. 

Farther  on,  he  wrote: 

Metamor{)hism  furnishes  the  most  plausible  theory  of  the  origin  of  the  Azoic 
stratitie(l  rocks,  which  are  mica,  talc,  and  hornblende  schisb^,  gneiss,  serj)entine, 
white  lifnestone,  etc.,  such  as  cover  a  large  part  of  Vermont. 

He  recognized  at  tliis  time  the  influence  of  water  as  an  essential 
constituent  of  the  tnippean  rocks,  since  the  intrusion  of  the  material, 
often  in  thin  sheets  scjircel}^  thicker  than  writing  paper,  could  not  be 
explained  on  the  tli(H)rv  of  fusion  from  drv  heat  alone.  "  Bv  means 
of  water  the  materials  could  be  introduced  wherever  that  substance 
could  penetrate.'' 

His  ideas  concerning  the  origin  of  the  drift  had  been  considerably 
modified  since  his  earlier  reports,  though  he  was  not  as  yet  willing  to 
accept  the  theory  of  a  continental  ice  sheet.     Thus: 
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We  have  no  doubt  that  a  part  of  what  we  call  drift  phenomena  in  New  England 
was  produced  by  glaciers  hucIi  as  we  have  described  as  once  connected  with  the 
Itreen  Mountain  range.  But  the  main  features  of  drift  we  impute  to  icebergs  and 
ice  fioes  as  the  continent  was  gradually  sinking  beneath  the  ocean. 

He  thought,  too,  to  have  found  evidence  that  the  continent  went 
down  to  a  depth  of  something  like  2,000  feet,  and  as  some  of  the  ice- 
l>ergs  in  the  Atlantic  have  been  estimated  as  extending  2,500  feet 
l>elow  the  surface,  he  argued  that  the  effects  of  such  could  not  be  dis- 
tinguished from  those  of  glaciers.  Indeed,  the  idea  of  a  continental 
ice  sheet  was  still  beyond  his  comprehension,  and  his  chief  arguments 
against  the  glacial  origin  of  much  of  the  drift  was  based  upon  the  fact 
that  all  known  glaciers  are  confined  to  valley's;  and,  moreover,  that 
there  was  no  known  glacier  more  than  50  or  60  miles  wide,  "whereas 
the  ancient  American  glacier  must  have  been  at  least  2,500  miles  wide 
and  have  spread  over  all  the  mountains  as  well  as  valleys,  and  often 
have  l>een  obliged  to  move  uphill  as  well  as  over  a  level  surface/' 
The  three  prominent  directions  of  the  drift  were  to  him  also  arguments 
against  the  ice  sheet.  These  were  essentially  the  ideas  advanced  in 
his  Surface  Geolog}-  (p.  402). 

On  lithological  grounds  the  alluvial  deposits  were  classified  as  (1) 
drift  and  (2)  modified  drift,  and  on  chronological  grounds  into  four 
jx*riods,  in  each  of  which  the  continent  was  differently  situated  in 
respect  to  the  level  of  the  ocean.  These  were,  first,  the  drift  period, 
when  the  continent  was  under  water  at  its  greatest  depth;  second,  the 
l>each  period,  when  it  began  to  emerge;  third,  the  terrace  period, 
when  the  continent  rose  to  nearly  its  present  situation;  and,  fourth, 
the  historic  or  present  period.  Th(»  phenomena  of  the  modified  drift 
as  terraces  and  beaches  were  worked  out  in  detail  in  this  report  by 
C\  H.  Hitchcock. 

In  the  chapter  on  hyi>ozoi<»  and  paleozoic  roi*ks  Hitchcock  expressed 
the  l>elief  that  the  rocks  of  Vermont  have  been  thrown  into  a  succes- 
sion of  folds  while  in  a  semiplastic  condition  by  a  force  fi'om  the 
direction  of  the  Atlantic,  and  that  their  crests  have  l)een  subsequently 
denuded,  some  lo,<K>i^  vertical  feet  having,  it  was  estimat(»d,  disap- 
|x»ared  from  the  surface  of  the  Shelburne  anticline.  The  strata  of 
those  folds  with  westerly  dips,  on  the  western  side  of  the  anticlines, 
he  regarded  asoicupying  a  normal  position;  while  those  with  easterly 
di|>s,  on  the  eastern  side,  had  l>een  inverted,  so  that,  as  he  expressed 
it,  "though  we  cross  an  uninterrupted  succession  of  easterly  dips  in 
going  eastward  we  can  not  infer  that  we  are  constantly  meeting  with 
oldrr  and  older  rocks,  and  therefore  that  mere  super]K)sition  would 
not  justify  one  in  deciding  upon  their  relative  ages." 

Concerning  the  [K>sition  of  the  much-disputed  red-sjuid  rock,  Hitch- 
CiH'k  remarked  that  without  an  exception  it  rested  upon  the  Hudson 
Kiver  group,  and  the  stratigraphical  evidence  showed  it  to  be  of  the 
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a^e  of  the  Medina  sandstone  or  Oneida  conglomerate.  In  this  he  was 
in  error,  the  red-sand  rock  being  now  universally  conceded  as  belonjj- 
ing  to  the  Lower  Cambrian.  He  also  regarded  the  black  slate  beneath 
the  red-sand  rock  as  belonging  to  the  Hudson  River  group,  although 
Emmons  had  regarded  it  as  Taconic  and  thought  to  recognize  a  Pot^i- 
dam  sandstone  in  the  vicinity  of  Whitehall,  in  this  respect  antagoniz- 
ing the  views  of  Adams,  as  announced  in  his  second  report. 

The  name  ^olian  limestone  was  given  to  the  marble  beds  of  Dorset 
Mountain,  which  had  been  renamed  Mount  ^]olius.  Its  exact  geolog- 
ical position  was  not  determined,  although  it  was  thought  that  it  might 
be  as  new  as  the  Carboniferous. 

Hitchcock  was  inclined  to  side  with  Emmons  in  the  Taconic  contro- 
vers3%  on  the  ground  that  the  rocks  were  physically  unlike  the  Lower 
Silurian  which  they  underla}-  and  differed  in  the  character  of  their 
organic  remains.  The  thickness  of  these  Taconic  rocks  he  estimated 
to  be  not  less  than  25,000  feet. 

The  clay  slate  directly  overlying  the  calciferous  mica  schist  was 
thought  to  be  probably  of  Devonian  age.  The  calciferous  mica  schist 
itself  was  regarded  as  having  been  original!}^  a  limestone  formation 
charged  with  a  good  deal  of  silex  and  with  perhaps  silicates  and 
organic  matter,  a  great  deal  of  the  carbonate  of  lime  having  been 
abstracted  by  carbonated  water  and  the  rock  converted  by  metamor- 
phism  into  a  schist. 

The  numerous  beds  of  sei^pentine  which  were  found  in  the  State 
limits  were  regarded  as  having  been  derived  mainly  from  beds  of  horn- 
blende schist  and  diorite.  Much  of  the  granite  of  the  State  was  con- 
sidered as  being  as  recent,  at  least,  as  the  Devonian  period. 

It  seems  almost  extniordinary  that,  even  at  this  date,  there  were 
believed  by  Hitchcock,  as  well  as  bv  others,  to  })o  many  well-authen- 
ticated  instances  on  record  in  which  toads,  snakes,  juid  lizards  had  been 
found  alive  in  the  solid  parts  of  living  trees  and  in  solid  rocks,  as  well 
as  in  gravel  deep  beneath  the  surface.  In  these  cases  it  was  assumed 
that  the  animals  *' undoubtedly  crept  into  such  places  while  young, 
and,  after  having  grown,  could  not  get  out.  Heing  veiy  tenacious  of 
life  and  probably  obtaining  some  nourishment  ocH'asionally  by  seizing 
upon  insects  that  might  crawl  into  their  nidus,  they  might  sometimes 
continue  alive  even  after  many  years.'' 

Under  date  of  March,  1S57,  an  act  of  the  Wisconsin  legislature 
providc^d  for  a  geological  and  agricultural  survey  of  the  State,  which 
was  to  be  under  the  joint  control  of  James  Hall,  Ezra  S.  Carr,  and 
Oeoiofficai  Surveys  Edward  Daniels.  This  joint  leadership  seemed,  how- 
ntM^CmtT^mnS^  cvcr,  to  have  proven  unsatisfactory,  and  l)y  a  second 
Daniels.  1857.  ^^^^^  approvcd  April  2,  1S()0,  James  Hall  was  appointed 

princi|)al  to  the  commission.     This  last  organization  proved  also  to  be 
short-lived,  the   survey  being   discontinued    in    18^)2,  the  legislature 
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even  going  so  far  as  to  refuse  to  refund  to  Hall  the  raone}^  actually 
expended  b}'  him  for  the  purpose  of  Ihe  survey  or  to  pay  for  his  own 
services.  Under  HalPs  brief  adniinistmtion  Whitney,  who  had  served 
in  a  like  capacity'  in  Iowa,  was  einplo^'ed  to  complete  the  work  on  the 
lead  region  and  Charles  Whittlesey  to  study  the  regions  lying  on 
the  west  side  of  the  Menomonee  River  and  the  iron  region  of  Lake 
Superior. 

A  single  royal  octavo  volimie  of  455  pages  and  9  plates,  u  colored 
geological  map  of  the  lead  region,  and  a  diagram  showing  the  position 
of  the  ore  crevices,  appeared  in  18()2  as  a  result  of  this  organization. 

In  this  Hall  repeated  his  attempts  at  correlation  of  the  western  with 
the  eastern  formations.  In  addition  he  called  attention  to  the  driftless 
area  of  the  State,  and  to  the  fact  that,  over  the  whole  area  south  of  the 
Wisconsin  River,  the  Galena  limestone  and  a  portion  of  the  underlying 
Blue  limestone  had  l)een  removed  by  decomposition  and  solution  to  a 
depth  of  some  350  to  40iJ  vertical  feet. 

W^hitney,  in  his  report  on  the  lead-bearing  region  showed,  as  in  his 
previous  work  (p.  4r>S),  that  the  lead-bearing  fissures  of  the  Northwest 
were  limited  to  <me  set  of  strata,  and  that  there  are  but  rarely  any 
evidences  of  dislocation  of  the  strata  or  faults.  Hence,  he  was  forced 
to  the  conclusion  that  the  ore- bearing  crevices  originated  through  the 
action  of  some  local  cause  or  forces  which  were  limited  in  their  field 
of  action  to  a  comparatively  narrow  vertical  range.  In  short,  he  con- 
ceived the  lead-bearing  fissures  to  have  been  original!}'  closely  allied 
to  what  are  called  joints.  How  far  shrinkage  and  crystalline  action 
may  have  been  concerned  in  the  production  of  these  joints,  he  was 
unable  to  say,  but  ''It  will  be  sufBcient  at  this  time  to  recognize  the 
fact  that  either  or  both  these  causes  united  would  have  produced  a 
teasion  in  the  mass  of  roi'k  which  would  lead  to  the  production  of  fis- 
sures in  two  different  directions."  He  felt,  further,  that  the  direction 
of  the  fissures  might  have  been  influenced,  if  not  absolutely  deter- 
mined, by  an  elevatory  movement  of  the  region  in  which  they  are 
developed. 

He  looked  upon  these  veins  as  having  heen  filled  from  alcove,  the 
various  metals  having  been  in  solution  as  sulphates  in  oceanic  water 
at  the  time  of  the  deposition  of  the  lead-l>earing  strata,  the  precipit4i- 
tion  as  sulphides  l)eing  brought  al>out  through  the  agency  of  sulphu- 
reted-hydrogen  gas,  which  was  liberated  by  the  decomposing  organic 
matter.  This  is  substantially  the  view  held  by  most  authorities  to-day. 
He  thought,  further,  to  recognize  a  general  law  connecting  the  lack  (ff 
mineral  deposit^n  in  the  non  fossil  if  erous  strata  with  their  abundance  in 
those  containing  organ]<*  remains.  As  in  his  previous  work  (Metallic 
Wealth  of  United  States,  p.  438),  he  differed  with  lK)th  Daniels  and 
Owen  ai}  to  the  metalliferous  character  of  the  lower  magnesian  rocks, 
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thinking  it  quite  improbable  that  they  would  be  found  sufficiently  rich 
in  ores  to  be  worked  economically. 

Whatever  ma}^  have  been  Richard  Owen's  powers  as  a  thinker  or 
teacher,  his    key  to    the  Geology  of    the  Globe,  published  in  1857 
when  professor  of  geology  and  chemistry  in  the  University  of  Ten- 
nessee, is   beyond   question    the   most  extraordinary 

Richard  Owen'*  ^  '  ii  i-i  i.ij^ii 

Qeoioffy  oi  the  Globe,  travcsty  ou  gcology  and  geological  methods  of  deduc- 
tion that  has  ever  emanated  from  the  American  press. 
The  fundamental  idea  seems  to  have  been  that  there  are  analogies 
between  organic  and  world  development. 

Our  planet,  perhaps,  typifies  an  ovule  from  the  solar  matrix.  In  its  earlier  igne- 
ous chaotic  state  it  bore  analogy  to  the  yet  undeveloped  amorphous  structure  of 
vegetable  ovules  and  the  animal  ovum.  Like  them,  it  had  at  an  early  period  a 
nucleus,  on  which  after  a  time  air  and  moisture  deposited  additional  materiab<, 
derived  from  the  matrix.  At  a  later  period  yet  a  part  of  these  same  materials  were 
carried  in  mechanicral  mixture,  partly  in  chemical  solution,  to  promote  the  develop- 
ment of  later  formations,  forming  new  continents,  etc.,  just  as  a  portion  of  the  seed 
(the  albumen)  and  the  foodyolk  of  the  egg  go  to  nourish  the  expanding  germ. 

The. separation  of  continents  typifies  the  ])ropagation  of  offshoots,  or  artificially  by 
cuttings  in  plan ts, and  seems  to  resemble  the  fissi parous  mode  of  reproduction  observed 
among  the  lowest  animals.  In  some  of  the  earlier  cataclysms  we  have  the  type  of 
the  ruptured  Graafian  vesicles,  while  at  a  final  cimvulsive  deluge,  the  period  when 
the  Western  Continent  and  Australia  were  detached,  and  when  possibly  the  moon 
as  a  terrestrial  ovule  was  thrown  into  space,  we  readily  recognize  the  type  of  rup- 
tured peric*arpal  dissemination  of  see<l  in  the  vegetable  world,  of  completed  incuba- 
ti<m  and  parturition  in  the  animal  kingdom.     *    *    * 

It  is  by  no  means  contended  that  this  earth  is  a  monstrous  organism,  with  all  the 
part«  and  properties  of  a  plant  or  animal;  but  simply  that  in  it  we  have  everything 
developed  according  to  tlie  same  laws  and  plan  pervading  the  rest  of  creation;  that 
in  it  we  see  foreshadowed  the  tyjx^  of  those  future  forms  and  changes  which  organic* 
lMMlit»8  undergo  by  the  a.**similation  of  these  very  inorganic  materials. 

The  idea  underlying  all  these  genei*aliziitions,  which  the  author 
claimed  to  have  gained  while  studying  sundry  maps  spread  out  on  the 
floor  of  a  vacant  room,  in  order  to  phice  before  bis  classes  ''some  great 
principles  of  generalization,"  is  that  the  '"formations  of  the  westiM'n 
(continent  corresponded  in  many  respects  to  those  in  the  east-enr" 
*  *  *  and  '^  that  they  nuist  have  been  detached  at  some  period 
from  each  other/' 

He  conceived  that  '*  the  earth  in  some  of  its  former  geological  epochs 
occupied  a  smaller  volume  than  before  the  whole  of  the  present  suihm-- 
ficies  emerged  from  the  ocean  and  than  it  did  before  some  of  the  later 
successive  layers  were  deposited  on  the  earlier  formations."'  Further, 
fliat  the  original  internnl  nucleus  of  the  earth  was  of  the  form  of  a  cube 
or  spherical  tetmhedron,  and  that  the  rocks  of  the  different  successive 
geological  periods  will  !>e  found  less  and  less  dense  in  structure  as 
they  leave  the  north  pole  and  approach  the  e(iuator.  When  these 
beds  were  upheaved,  '*  the  edges  of  the  formations  appear  to  have  been 
brought  to  the  surface  along  concentric  lines,  which  are  parts  of  great 
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arches  intersecting  each  other  in  such  a  manner  as  to  form  equilateral 
spherical  triangles  on  the  earth's  surface,  each  angle  or  intersection 
being  equidistant  from  our  present  north  pole."  The  distribution  of 
coal,  the  metals,  and  other  mineral  products  be  conceived  to  correspond 
with  the  lines  marking  these  spherical  triangles. 

The  forces  which  acted  in  neparating  the  planes  above  described  were 
supposed  to  have  originated  from  the  internal  fluid,  materials  being 
thrown  into  periodical  waves  by  the  attrHctioii  of  the  sun  and  moon, 
creating  thereby  electrical  disturbances,  etc.  Indeed,  the  entire  earth 
he  seemed  to  regard  as  a  gigantic  magnet,  made  so  by  the  heat  of 
the  sun. 

Before  this  separation  look  place  the  layers  composing  the  South 
American  continent  he  sup^wsed  to  have  rested  on  the  layers  of  sub- 
merged Africa,  Australia  to  have  been  superimposed  upon  Arabia,  and 
North  America  over  a  portion  of  Kurope. 

Owen  further  called  attention  to  the  fact  that,  if  the  north  pole 
were  elevated  SJ^i^  above  the  horizon  and 
the  globe  then  revolved  the  western  coast 
lines  of  the  chief  continental  marises  would 
be  brought  successively  to  the  horizon,  prov- 
ing their  parallelism;  if  depressed  to  a  simi- 
lar extent  the  {wrallelism  of  the  enstern 
foast"  would  lie  siniiJariy  proven.  In  other 
words,  he  showe<l  that  the  coast  lines  of  the 
continents,  as  well  as  of  many  of  the  islands, 
tended  to  confonn  t^i  the  axis  of  the  ecliptic, 
and  he  regarded  this  angular  disUinci'  of 
•J-H  ,  which  marks  the  northward  extension 
of  the  sun  in  summer,  as  ii  natural  unit  of 
measure  in  the  structure  of  the  earth. 

The  iiook  contained  a  iargu  iimount  of 
utterly  irrelevant  matter,  and  the  aliove  idea  and  that  relating  to  the 
possible  tetraliedral  form  of  the  earth.  pr«>vious)y  ivferred  to,  are  the 
only  ones  put  forward  in  the  work  that  are  to-day  worthy  of  consider- 
ation. The  lHK>k,  as  a  whole,  can  but  impress  one  as  the  work  of  a 
dreamer,  and  particularly  so  when  one  considers  also  the  amount  of 
irrelevant  matter  brought  forward  and  the  involved  cliaiacter  of  many 
of  the  Senh-nces.  lie  this  w*  it  »my,  by  a  peculiar  coincidence,  at  the 
Montreal  meeting  of  the  American  Association  for  the  Advancement 
of  Science  in  August  of  this  sanit-  year.  Prof.  Itenjamin  Pierce,  of  the 
I'.  S.  Coast  Survey,  brought  forward  ideas  almo.st  identical  with  Owen's, 
so  far  as  relates  to  the  parallelism  of  the  coasts,  and  felt  disposctl  t<» 
regard  such  conditions  as  evidence  that  the  sun,  by  influencing  in 
some  way  the  oooliQgr  of  the  crust,  had  determined  the  grander  outlines. 
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Owen's  ideas  regarding  the  tetrahedral  form  of  the  eai*th,  though 
perhaps  original  with  him,  and  put  forward  here  for  the  first  time  by 
an  American  writer,  were  not  wholh'  new.  Those  desiring  a  historical 
review  of  the  subject,  with  an  account  of  recent  advances  and  theories, 
will  find  the  same  iaa  paper  by  J.  W.  Gregory,  The  Plan  of  the  Earth 
and  its  Causes,  first  printed  in  the  Geographical  Journal  for  March, 
1899,  and  reprinted  in  the  Appendix  for  the  Report  of  the  Smithsonian 
Institution  for  1898.« 

At  the  Montreal  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  for  this  same  year,  Logan,  referring  to  pre- 
vious statements  by  himself  relative  to  a  possible  subdivision  of  Azoic 

rocks,  as  given  in  his  annual  reports,  describes  in  some 
Subdivifion  oi  the      detail  a  scrics  or  group  of  clastic^  rocks,  consisting  of 

siliceous  slate  and  slate  conglomerates,  holding  peb- 
bles of  cr^'stiiliine  rocks  and  sometimes  showing  ripple  marks,  w^hich 
he  had  traced  along  the  north  shore  of  Lake  Huron  from  Sault  Ste. 
Marie  for  120  miles,  and  which  has  also  l)een  noted  in  other  parts  of 
the  Dominion  by  other  ol>servers. 

As  noted  hy  him  on  Lake  Huron,  the  formation  was  some  10,000 
feet  in  thickness  and  plainly  of  later  age  than  the  gneisses,  as  well  as 
of  distinct  lithological  character.  For  this  formation  he  then  formally 
proposed  the  name  Huronian,  although  the  term  had  been  previously 
used  in  connection  with  this  formation  by  Murray  in  1848  and  Hunt 
in  1855.  To  the  portion  of  the  Azoic  inmiediately  underl3Mng  the 
Huronian  he  gave  the  name  Laurontian,  after  the  Laun»ntide 
Mountains. 

At  this  same  meeting  he  further  suggested  a  possible  subdivision  of 
the  Laurentian  series,  in  which  the  calcareous  rocks  should  \m  con- 
sidered as  distinct  from  the  siliceous.  Tliis  announcement  and  the 
subse(|uent  discussion  Ivd  to  a  mass  of  liteniturc  which  is  perhaps 
second  only  to  that  involved  in  the  Taconic  controversy,  although, 
fortunatelv,  without  anv  of  its  bitterness.  Indeed,  the  entire  matter 
is  strongly  suggestive  of  Emmons's  Taconic,  even  if  the  rocks  descril>ed 
could  not  be  accurately  relegated  thereto. 

The  principal  participants  in  this  discussion,  which  is  even  now 
scarcely  at  an  end,  were,  aside  from  I^ogan,  K.  I).  Irving  and  Alexander 
Winchell,  though  many  others  took  part.  Later  it  was  apparently 
shown  that  under  the  name  Huronian  two  distinct  formations  were 
comprised,  to  the  older  of  which  A.  C.  Lawson  in  1SS()  gave  the  name 
Keewatin.'' 


^'Owen's  work  was  brieflv  notice<l  in  tho  American  Jmirnal  <»f  Soiencf'H.  Two  or 
throe  papeH  of  his  matter  were  <|Uote<l,  and  <li8mi8se<l  with  "  Kemarks  on  these  jwi.^- 
HJi>?t»s  are  unnecessary." 

''  For  a  liistory  of  tlie  (li8<*n^i8ion,  see  A  Last  Won!  with  the  laurentian,  by  Alex- 
ander Winchell,  Bulletin  of  the  Geological  Society  of  America,  II,  1891,  pp.  85-124. 
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During  1857-58  Prof.  J.  S.  Newberry,  ti.s  geologist,  accompanied  the 
corps  of  topographical  engineers,  under  the  immediate  direction  of 
Lieut.  J.  C.  Ives,  on  an  expedition  up  the  Colorado  River  from  its 

mouth  to  a  point  called  Fortification  Rock,  north  of 
UD  the  Colorado  the  thirtv-sixth  pamllel.  1  he  main  object  of  the  expe- 
dition was  to  ascertain  the  navigability  of  the  Colo- 
rado, with  especial  reference  to  its  availa))ility  for  the  tmnsjx^rtation 
of  supplies  to  the  various  military  i>osts  in  New  Mexico  and  Utah. 
Newberry  entered  the  country  from  San  Francisco  and  San  Diego, 
and  in  Chapters  I  and  II  of  his  report  makes  reference  to  the  general 
geology  of  this  part  of  the  region.  The  party,  as  above  riote(^ 
ascended  the  river  as  far  as  the  Great  Bend,  above  Black  Canyon,  and 
returned  thence  to  the  Mojave  Valle}^  south  of  Pyi'amid  Can3n)n. 
Thence  the  homeward  route  lay  eastward  overland  to  Fort  I^eaven. 
worth  by  way  of  Sitgreaves  and  Railroad  passes  in  the  l^lack  and 
Cerbat  mountains.  Bill  Williams  and  the  San  Francisco  mountains, 
Salt  Springs  of  the  Little  Colomdo,  northward  to  the  Moqui  Pueblos, 
and  eastward  to  Fort  Defiance,  Santa  Fe,  and  I^as  Vegas  (see  map). 
In  the  latter  part  of  the  trip  the  route  lay  along  that  traversed  })y 
the  surveys  for  a  railroad  route  to  the  Pacific  under  Lieut.  Whipple, 
with  which  Jules  Marcou  was  comiected  as  geologist.  Newljerry's 
report,  Part  III  of  the  report  of  Lieutenant  Ives,  comprised  154 
<K'tavo  pages,  with  8  plates  of  fossil  invertebrates  and  plants. 
Made  necessarily  as  a  hasty  reconnaissance,  it  nevertheless  contains 
interesting  generalities.  He  rightl}'  regarded  the  canyon  of  the  Colo- 
rado as  a  can3'on  of  erosion,  but  conceived  that  in  earlier  times  the 
river  tilled  to  the  ))rim  a  series  of  isolated  basins  formed  bv  the  vari- 
ous  mountain  chains  and  interlocking  spurs  of  the  synclinal  trough 
through  which  the  river  runs,  and  that  during  the  lapse  of  ages  '*the 
ae(*umulated  waters,  iK)uring  over  the  lowest  i)oints  in  the  opposing 
liarriers,  have  cut  them  down  from  summit  to  base,''  thus  forming 
the  canyons.  The  nnussive  granite  walls  of  Pynunid  Canyon,  with 
their  capping  of  stratified  gravel,  he  regarded  as  conclusive  proof  of 
the  former  existence  here  of  an  unbroken  barrier  "" stretching  across 
the  course  of  the  Colomdo  and  raising  its  waters  to  an  elevation  of  at 
least  25<>  feet  al)ove  their  present  level.'"  The  idea  of  a  ix)ssible  u[)lift 
across  the  river's  course,  an  uplift  so  slow  as  to  be  countenu'ted  by 
erosion,  as  afterward  taught  by  Dutton,  was  uiidreamcHl  of,  and  the 
mental  restorations  of  past  surface  contours  given  an*  at  tunes  start- 
ling for  their  magnitude.  Thus,  in  accounting  for  the  presence  of  the 
large  bowlders  in  the  gnivel  of  F^lephant  Head  south  of  the  entrance 
to  Black  Canyon,  with  its  walls  of  porphyry  from  S<K)  to  1,2<h)  feet  in 
height,  he  wrote: 

Wheti  the  CV»lonitl«i  Uvaii  th<*  ta^k  of  cutting  down  tlic  ^i^aiitic  wall  at  tho 
|ioint  where  its  accumulated  wat«*rH,  in  ^ri'ati'r  volunu*  than  now,  iK>uru(i  <iown  iti< 
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southwestern  declivity,  the  C4isca(le  which  it  formed  must  have  8urpas8ed  any  simi- 
lar exhibition  of  nature's  forces"  of  which  we  have  knowledge  at  the  present  day. 

On  page  42  of  his  report  Newberry  gave  a  section  of  the  Grand 
Canyon,  showing  the  bottom  granite  overlain  b}'  Potsdam  sandstone, 
and  this  by  Silurian  (0,  Devonian  (?),  and  Ix)wer  Carboniferous  (() 
rocks,  and,  finally.  Upper  Carboniferous  limestone.  This  was  the  first 
section  of  these  beds  ever  published.^ 

The  source  of  the  materials  which  go  to  make  up  the  sedimentary 
rocks  of  the  West,  he  thought,  could  not  have  been  derived  from  the 
emerged  surfaces  east  of  the  Mississippi,  but  were  rather  "formed  by 
the  incessant  action  of  the  Pacific  waves  on  shores  that  perhaps  for 
hundreds  of  miles  succumbed  to  their  power,  and  by  broad  and  rapid 
rivers  which  flowed  from  the  mountains  and  through  the  fertile  valley 
of  a  primeval  Atlantis."  The  outlines  of  the  western  part  of  the 
North  American  continent,  to  his  mind,  were  approximately  marked 
out  b}^  groups  of  islands,  broad  continental  surfaces  of  dry  land,  and 
area^  of  shallow  water  from  the  earliest  Paleozoic  times. 

As  already  noted,  a  portion  of  Newberry's  return  route  lay  along 
that  previously  (in  1853-1854)  tmversed  by  Marcou,  and  it  is  interesting 
to  note  the  different  views  of  the  two,  offered  by  this  opportunity  for 
comparison.  Thus  Newberry  questions  Marcou's  determination  of. 
the  age  of  the  formations  near  Partridge  and  Cedar  creeks,  near  Bill 
Williams  Mountain,  Marcou  regarding  them  as  Devonian  and  Ijower 
Carboniferous  (Mountain  limestone),  while  Newberry  thought  them  to 
be  not  older  than  Carboniferous.  In  like  manner  Newberry  (jues- 
tioned  the  Permian  age  of  the  Canyon  Diablo  1)ods,  rightly  regarding 
the  same  as  Carboniferous,  and  the  red  sandstone  overlying  this  lime- 
stone as  likely  to  prove  Permian  or  Triassic.  The  yellow  sandstone 
along  the  Kio  Grande  was  considered  as  not  Jurassic,  but  Cretaceous. 

In  I85J>  Newberr}'  again  took  tlic  field,  this  time  in  connection  with 
a  topographic  party  under  C'apt.  J.  N.  Macomb.  The  party  left  Santa 
Fe,  New  Mexico,  about  the  middle  of  July  and,  crossing  the   Kio 

Grande  del  Norte,  followed  up  the  vallev  of  the  Kiver 

Newberry's  Work  .         .  .    .    .         *  . 

with  the  Macomb     Chauui,  tiiiallv  leaving  it  at  the  dividing  ridge  between 

Expedition,  1859.  '  «  r     m       •  a    ^iT  f    ^U 

the  waters  of  the  (xult  of  Mexico  and  those  of  the 
Gulf  of  California.  From  here  they  struck  across  the  headwaters  of 
the  San  »Juan  Kiver,  passing  along  the  southern  base  of  the  Sierm  de 
la  Plata,  and  tJien  northerly  to  the  junction  of  the  (xrand  and  Green 
rivers.  Thence  th(»  party  proceeded  southward  to  the  San  »Juan  Kiver, 
which  they  followed  up  as  far  as  Canyon  Largo,  passing  thence  down 
the  vallev  of  the  Puerco  to  the  old  pueblo  of  Jemez,  and  thence  east- 
erly back  to  Santa  Fe.     The  route,  it  will  be  perceiv(»d,  thus  covered 

^'This  re{)ort  cuntains  several  graphic  views  of  the  Colorado  Canyon  from  gketehes 
by  F.  \V.  K^loffstein,  but  which  have  l)een  largely  overlooked  since  the  more  recent 
work  of  Powell,  Dntton,  and  Holmes. 
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part  of  the  territoiy  previous!}'  gone  over  in  connection  with  the  Ive.s 
expedition. 

The  report,  though  written  in  1860,  was  not  published  until  187<>, 
owing  to  the  outbreak  of  the  civil  war.  It  comprised  an  octavo  vol- 
ume of  148  pages,  with  8  full-page  plates  of  fossil  plants  and  inverte- 
brates, and  a  map  of  the  route  traversed.  Some  of  the  conclusions 
arrived  at  during  the  work  of  the  Ives  expedition  were  confirmed  by 
the  more  recent  work.  Perhaps  the  most  interesting  of  the  results  as 
given  related  to  the  orographic  movements  attendant  upon  the  eleva- 
tion of  the  Rocky  Mountains. 

His  conclusions  were  to  the  effect  that — 

First.  The  Rocky  Mountains  existed  in  embryo,  at  least,  previous 
to  the  deposition  of  the  older  Paleozoic  rocks,  the  presence  of  the 
upheaved  Potsdam  sandstone  in  the  Black  Hills  region  showing  con 
clusively  that  this  part  of  the  country  was  buried  beneath  the  waters 
of  the  primeval  ocean. 

Second.  Volcanic  activity,  which  began  as  early  as  the  Middle  Ter- 
tiary, continued  even  into  the  present  epoch. 

Third.  Previous  to  the  deposition  of  the  Lower  Cretaceous  strata 
the  central  portion  of  the  continent  was  above  the  ocean  level,  the 
main  portion  of  the  Cretaceous  sediments  being  deposited  during  the 
period  in  which  a  sul)sidence  of  several  thousand  feet  took  place. 

Fourth.  At  the  close  of  the  Cretaceous  age  a  period  of  elevation 
began,  which  continued  to  the  drift  epoch.  This  was  succeeded  by  a 
period  of  depression  and  again  by  one  of  elevation. 

Fifth.  The  great  elevatory  movement  of  the  Rock}^  Mountains  took 
phice  between  the  close  of  the  Cretaceous  period  and  that  of  the 
Miocene  Tertiarv. 

Newberry  was  born  in  Connecticut,  hut  his  parents  moving  to  Ohio 
when  he  was  but  two  years  of  ajr^S  lie  passed  his  boyhood  in  what  was 
then  the  western  frontier.     His  father,  in   1828,  then   living  at  Cuya- 
hoga  Falls,  opened  up  the  coal  mines  at  Tallmadge. 
Sketch  of  Newberry,  making  the  tirst  systematic  attempt  at  introducing  coal 

for  fuel  along  the  lake  shore  region.  The  abundant 
and  beautiful  fossil  flora  found  in  the  roof  shales  of  these  mines 
undoubtedly  did  much  toward  turning  the  young  man's  thoughts 
toward  science,  and  a  visit  from  James  Hall  in  1S41,  while  he  was  but 
nineteen  years  of  age,  still  further  stimulated  his  interest.  He  grad- 
uated at  the  AVestern  Reserve  College  in  IMi),  and  afterwards  studied 
medicine,  receiving  the  degree  of  M.  1).  in  1848.  Two  years  were 
then  passed  in  stud\^  abroad,  during  which  til  e  he  made  his  tirst 
scientitic  publication — a  description  of  a  fossil-tish  locality  at  Monte 
Bolca,  Italy.  In  1S51  he  returned  to  America  and  began  the  pursuit 
of  medicine  at  Cleveland,  but  although  accjuiring  a  large  practice  he 
was  soon  induced  to  give  it  up  and  enter  upon  a  wider  tield  of  useful- 
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ness.  In  1855  he  l>ecanie  connected  with  Lieut.  K.  S.  Willistoirs  sur- 
vey in  California,  and  later  with  that  of  the  Ives  Expedition  to  explore 
the  Colorado,  as  well  as  with  that  of  Capt.  J.  N.  Macomb  to  explore 
the  San  Juan  region  of  Colonido  and  adjacent  portions  of  Arizona, 
Utah,  and  New  Mexico,  as  noted.  In  1857  he  became  attached  to  the 
Smithsonian  Institution  in  Washington  and  also  accepted  a  professor- 
ship in  Columbian  University  in  the  same  city. 

During  the  civil  war  he  was  attached  to  the  Sanitary  Commission, 
and  in  186(5  became  professor  of  geology  and  paleontology  in  the 
School  of  Mines  of  Columliia  College,  New  York,  with  which  institu- 
tion he  remained  connected  until  the  time  of  his  death  in  1892.  In 
1869  he  assumed  charge  of  the  geologicjil  survey  of  Ohio,  as  noted 
elsewhere.  That  the  survev,  in  iommon  with  most  others  of  its  kind, 
came  to  an  untimely  end  was  no  serious  retlection  ui>on  Doctor  New- 
l>erry,  though,  as  his  biographer  remarks,  a  mistake  was  undoubtedly 
made  in  postponing  the  economic  portions  of  the  work  until  the  last, 
and  thei-ob}'  arousing  the  antagonism  of  the  runil  memlMM's,  one  of 
whom  is  quoted  as  having  remarkedthat  too  nuich  money  wa>  <levoted 
to  "clams  and  salamanders."  Newlnn'ry  also  did  a  large  amount  of 
[mieontological  work  in  connection  with  the  surveys  of  Illinois,  New 
Jers4»v,  and  the  United  States survevs under  Havden  and  Powell.  His 
most  impK>rtant  works  were  those  in  coimection  with  the  Illinois  and 
Ohio  surveys,  and  two  monographs  published  by  the  United  Stat<»s 
Survey,  one  on  the  Paleozoic  Fishes  of  North  America,  and  tin*  other 
on  the  Flora  of  the  AmlM)y  Clays  of  New  Jersey,  the  latt<»r  lx»ing 
editwl  bv  Dr.  Arthur  Ilollick  after  NewbeiTv's  death. 

Newlierry  is  des<'rilx»d  as  a  man  whose  personality  inspired  (ronti- 
dence  in  others,  though  jHissessing  litth*  of  what  is  known  as  t»xecutive 
ability-  a  man  of  kindly,  cheerful  disposition,  and  whos(»  desire  for 
fame  never  went  so  far  as  to  cause  him  to  assume  credit  for  others 
work.  A  pleasing  writer  and  convei-sjitionalist  and  accomplished  mu- 
sician, he  made  many  friends  and  retained  to  the  end  the  respect  and 
love  of  all  who  knew  him. 

Hitf  Hhortcoiiiiii^  wt»n*  known  U*  hit*  frien<lH  ny  wt'll  an  wen*  U'n*  ♦•xfflh*nrit»>*;  hv 
wtf  imp(*tiiouH  anil  M4>inftiin(**<  h«*  was  .M4'vcn\  ]NiHsil>ly  unjust,  in  jud^in^  men  nr  in 
<l««lin){  with  ttn'ni.  But  of  liittcrneHH  \n*  knt'W  little;  of  foiyiviMH'ss  he  knew  much. 
Hit*  il»*ffH*t»»  w»Tf  tluise  of  a  stron^r  man;  in  many  tlu'V  would  hav«'  U'^-n  j«Mirc«*>  o| 
w««knfi^,  but  H»m<*how  tln-v  ^^'4•mt*<l  to  iiiak«'  his  lricn«ls  stan<l  nion'  finnlv  hv  hnn. 

•  •  • 

Newliorry's  work  received  prompt  and  r(»ady  recognitii)ii  Inith  at 
home  and  abnm<l.     lie  wa.s  a  <*harter  memlwr  of  the  National  .Vmdemv 

• 

of  Sciences;  foreign  <'orres|)oiMlent  of  th**  I^indon  (ieological  S<H'iety, 
reeiMving  the  Murchison  medal  in  isss;  president  of  the  American 
A.*M*4N*iution  for  the  AdvaiK'ement  of  S-ience  in  \x^u:  president  of  the 
»w  York  A(*ademv  of  St^ience  for  twentv-tive  vears;  vice-pri»sideiit 

>AT  Mil*  IWH 31 
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of  the  Geological  Society  of  America,  and  president  of  the  Interna- 
tional Congress  of  Geologists  in  1891,  although  then  too  ill  to  attend 
its  meetings. 

April  20,  1857,  D.  D.  Owen,  while  State  geologist  of  Kentucky,  was 
appointed  by  the  governor  of  Arkansas  geologist  of  that  State,  the 
appointment  to  take  effect  "'  from  and  after  the  first  day  of  October, 
David  Dale  and  1857,'' at  which  tiuio  it  was  supposed  the  Kentucky 

worifln  Arkansas  work  would  he  brought  to  a  close.  Owen  selected  for 
1857-1860.  IjJj^  assistants,  E.  T.  Cox  and  Leo  Lesquereux,  with 

Joseph  Lesley,  for  topographer,  and  Robert  Peter  and  W.  Elderhorst, 
chemists.  Two  large  octavo  volumes,  comprising  together  some  689 
pages,  were  issued  in  1858  and  I860,  the  first  having  been  printed 
apparently  at  Little  Rock  and  the  second  in  Philadelphia.  They  were 
illustrated  with  colored  lithographs  and  engravings  after  originals  in 
Owen's  well-known  style. 

On  paleontological  evidence  the  zinc  and  lead-bearing  rock  of  north- 
western Arkansas,  i.  e.,  the  3(H)  feet  of  Magnesian  limestone  and  ^ilico- 
calcareous  rock  that  underlie  the  marble  strata,  forming  about  250  to 
300  feet  of  the  lower  and  main  body  of  the  ridges  of  Marion  County, 
were  put  down  as  of  Lower  Silurian  age,  and  as  in  all  probability 
belonging  to  that  sulxlivision  known  as  the  Calciferous  sandrock  of 
the  New  York  svstem.  The  "marble  limestones"  of  northwestern 
Arkansas  he  was  unable  to  fix  definitely,  but  seemed  to  think  it  prob- 
able they  would  prove  to  represent  the  Onondaga  of  New  York. 

As  to  the  origin  of  the  lead  ores,  he  wrote: 

My  imprension  h  that  the  lead  (ne  once  occupied  thene  north  and  south  crevices, 
and  was  subseipiently  removed,  in  ])art  or  in  whole,  intf>  its  prej^ent  \)ed  by  trans- 
portation, analogous  to  that  known  to  mineralogists  under  the  name  of  the  pseudo- 
morphous  j)rocess,  hy  which  (^ne  mineral  is  removed  while  another  takes  it**  place, 
assuming  often  tlie  form  of  the  first  mineral  instead  ol  the  usual  form  belonging  to 
itself.  *  *  *  That  it  shoul<l  have  been  <leposite<l  like  a  limestone  or  sandstone 
is  altogether  improbable,  and  contrary  to  the  usual  nature  (»f  such  ponderous  and 
difficultly  soluble  minerals. 

The  cause  of  the  hot  springs  Owen  considered  to  })e  the  '' internal 
heat  of  the  earth."  Not  that  the  waters  came  actually  in  '* contact 
with  fire/'  but  rather  that  they  were  completely  permeatecl  with 
'* highly  heated  vapors  and  gases  which  emanate  from  sources  deeper 
seated  than  the  water  itself.'* 

The  snowy  white  novacuhte  from  th(*  vicinity  of  the  hot  springs  he 
beHev<»d  to  b(M)f  the  ag(M)f  the  millstone  grit,  and  •'once  a  smiple 
ordinarv    sandstone.      From    the*  state  of    oidinarv    sandrock  it  has 

ft-  • 

been  altered  or  metiimorphosed  into  this  (^xquisitely  Hne  mnterial,  not 
as  I  conceive,  by  contact  with  fire  or  igiKHjus  rock,  but  by  the  per- 
meation of  heat(»d  alkaline  siliceous  waters/"  Through  this  permea- 
tion he  conceived  that  "the  particles  of  solid  rock  have  been  gradually 
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changed  from  grains  of  quartzose  sand  to  impalpable  silica,  and  the 
greater  part  of  the  oxide  of  iron,  manganese,  and  other  injpurities 
carried  out  in  solution  from  the  pores  of  the  rock,  leaving  neiirly 
chemically  pure  silica  behind.''  Such  changes  are  practically  incon- 
ceivable, and  the  best  authorities  to-day  regard  the  novaculites  as 
siliceous  replacement  of  limestone. 

A  large  numlnM*  of  soil  analyses  were  made  by  Doctor  Peter  *'\vith 
a  view  to  settle  that  very  important  question"  whether  such  can  be  of 
utility  to  the  agriculturist  in  showing  the  relative  fertility  of  soils 
and  the  loss  sustained  by  cultivation.  In  Owen's  opinion  such  utility 
was  established  ""in  the  most  incontrovertible  manner." 

Owen,  it  should  l>e  not^d,  died  in  iSfJo,  and  before  the  |)ui>lication  of 
the  st»cond  report,  which  was  brought  out  under  the  direction  of  his 
brother  Richard." 

Prof.  L#ewis  Harper,  whose  work  in  Mississippi  has  been  already 
referred  to  (p.  441),  was  succeeded  as  State  geologist  by  E.  W.  Hilgard, 
under  whose  efficient  direction  there  was  brought  about  the  Hrst  and, 

thus  far,  onlv  svstematic  survev  of  the  entire  State. 
SarJey of ^*****'***'  ^^^  Report  on  the  Geology  and  Agriculture  of  the 
TiSj^tSS'  StaU»  of  Mississippi  apjx^ared  in  I8H().     It  contained  a 

svstc^^matic  and  fairlv  detailed  account  of  the  vari<ms 
formations  of  the  State,  together  with  a  table  of  the  formations,  as 
shown  on  next  page,  the  classitication  and  terminology  adopt^nl  being 
that  of  Safford  and  Tuomev. 

'' Aironiinjf  to  Brainier  (Jounial  of  Geology,  II,  1894,  p.  S2«)  the  appropriatioiiH 
for  thin  wirvey  were  vigoroufily  t'oiiilwiteti  by  Home  of  the  legiHlatorH,  one  of  whom, 
in  hiH  attempts  to  <lefeat  the  bill,  iiitnxluced  the  followinvr  amendment: 

Sbc.  12.  Thi*  Hame  amount  which  18  appropriates!  to  the  State  geologint  Nhall 
likewiw  1m' appn)priate<l  to  a  phrenohtgist,  •  *  *  and  a  like  amount  to  an  orni- 
tholofci^'t  and  tht^ir  neveral  aMHintant**,  who  shall  likewise  Ik»  ap|N>int(Hl  by  the  gov- 
ernor, and  nhall  continue  in  oltie*»  liftv-four  vearx  ♦  ♦  ♦;  mn\  {\^^M  necn^tarv  of 
f<tate  shall  forward  one  i^opy  of  ea<*h  reiM»rt  to  the  govenn>r  of  eaeh  State  in  the 
I'nion  except  such  as  may  U*  known  to  In*  hlac-k  n*puhlican  governors;  also,  <»ne 
i*<>py  to  the  i^ueeii  of  Kngland  and  to  the  Km|)erors  of  France  and  Kiissia;  also,  a 
«*opy  to  the  i^ueen  of  S|iain:  providwl  that  government  will  sell  Culia  t«»  the  rnittMl 
States  on  reasonable  terms. 

Ska'.  14.  It  shall  be  the  duty  of  the  phn*nol<»gist  to  examine  and  re}M>rt  u|M)n  the 
headn  of  all  the  fnt*  white  male  and  female  citizens  in  the  Slate,  and  their  children, 
ex<*ept  such  as  may  n^fnne  to  have  their  heads  exaniine<l. 
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I'lanti<,  iiartlyexti 


Iti]iley  Kroup Maria  and  liineiilones;  h 


^iitt  I'halky  Ilkewtone.  I'layey  , 


I  l)urk-nilonil  I'layc;  » 


ryKlallini'  linii-sto 


I  Marine  anitnalH. 

Marine  animalH. 
;  Marine  antmalc;  pUnta,  < 
'      tini't:  lignite. 

^Tariiie  aiiiniatf. 
,  Marine  aiiimale. 


The  Oniiif^e  siitid  of  SiifFord  was  shown 
t<)  clianutcn/t'  tlic  jrrciiti'r  iwrt of  the.  sur- 
fjuv  iif  tlic  .State,  and  li»'  rcfpiided  it  as 
piavi'd  hcvond  ([iic-itioii  that  its  d<>]H>Mition 
liad  takfii  plate  in  floatiiitr  water,  tho  tfen- 
t'lui  direi'tion  of  thf  I'liii-ent  of  which  was 
frorti  north  to  ,-iouth.  Bv  far  the  gri'ater 
portion  of  th.-  State  was  shown  to  t)c  uccu- 
pifil  liy  deposits  nf  Tertiary  ajje.  l«avm}r  out 
of  loiisidei-alioii  tiie  stnitti  of  Orange  sand 
whiili  covered  a  htrye  part  of  the  aetiial 
surface. 

Hiljrard"s  work  had  an  a<rriciiltnn»l  b«>ar- 
Fii,ii«,-Kiici'iii'Wniiii'marniiir«fi.  j,jg  und^  as  niuv  1)0  reiulily  inferred  from 
the  worit  of  nioiv  re.eiit  years  l«»th  in  the  Mi.^^sissippi  Valley  and 
Cnlifornia.  had  to  do  lnr<reiy  witli  .soils,  tiieir  i)rit,'iniil  phyt^ioil  and 
i-lieiuic-aUonstitution,  and  int'thod,s  of  rejii venation. 
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At  a  iiu'etinjr  of  the  St.  I^oiiis  Aeadeuiy  of  Sciences,  held  on  Feb- 
ruary is,  185S,  Prof.  (f.  C.  Swallow  presented  a  jmper  announcing  the 
Hndin^  of  Permian  fossils  anion^^  some  collections  sulnnittcd  to  him  for 

identitication  by  Maj.  F.  Hawn.  This,  as  being  the 
Contr!^%y!VS^  lii*«t  apparently  authentic  aTUiouncement  of  the  occur- 
rence of  Permian  rocks  on  the  American  continent, 
excited  a  great  deal  of  interest  and  started  a  somewhat  bitter  j^ersonal 
controvei*sv  l>etween  Hawn,  Swallow,  and  Meek,  which  may  be 
referred  to  in  some  detail/' 

Hawn,  it  apptMirs,  was  a  civil  engineer  engaged  in  the  linear  survey 
of  Kansas,  but  whose  interest  in  matters  geological  led  him  to  make 
extensive  collections  of  fossils.  These,  for  purposes  of  identitication, 
be  divided,  sending  the  supposed  Cretaceous  forms  to  F.  B.  Meek, 
then  at  Albany,  New  York,  and  the  Carboniferous  to  (?.  C\  Swallow, 
at  Columl)ia,  Missouri,  the  particular  collection  referred  to  in  this 
controversy  }>«Mng  made  at  the  Smoky  Hill  Fork  of  the  Kansas  River. 

Th<»  collections  re<*eived  bv  Meek  were  of  such  a  chanu'ter  as  to 
lea<l  him  to  think  that  the  U^ds  from  which  they  were  taken  might  be 
Triassic  or  Permian,  though  perhaps  belonging  to  the  Upp<»i*  Coal 
Measures.  He  inunediately  wrote  Hawn,  asking  that  he  obtain  for 
him  other  materials  and,  if  jwssible,  get  fnmi  Professor  Swallow  all 
all  of  those  forwarded  to  him  which  were  not  Car})oniferous.  To 
tliis  Hawn  rea<lily  agreed  and  wrote  as  follows: 

I*n)ft*HB(ir  Swallow  (vrtainiy  will  not  attempt  to  interfere  with  yon  in  this  matter. 
He  known  {lerfectly  wi*ll  the  n*lation  exi.-tinjj;  l)etween  uh  and  expreeeed  himself 
^ratitie<l  tliat  I  wan  ftinii^^hin);  you  with  ini{M>rtant  infonnation  in  fnrtheram*eof  your 
inv(*t4ti^tion.  Furthermore,  lie  has  not  the  data  to  (*Htal>liHh  a  relation  l)etw(»en  the 
H»*verai  |Miinlf<  under  review  hy  yon.  I  men'ly  went  him  the  CarlioniferouH  foHNiln  for 
rlawifieation  ami  conifkariHon  with  those  of  XUv  Missouri  crdleetion,  that  a  |>arallel 
niav  hk^  (*stahlishe<1  in  mv  further  ot>erations. 

Again,  luider  dat4»  of  Septc»mlM'r  .">,  1K57,  Hawn  wrote  to  Meek: 

I  wrote  to  Pn>fo»»sor  Swallow  ♦  •  ♦  and  reiiuestcil  him  {lartimlarly  tosend  yon 
all  the  fow^ils  that  were  in»t  (^arlninifenjus,  as  thev  wert»  intende<l  f«>r  vour  nst*.  1 
\in\H'  he  will  fomply  with  my  r»*«|nest,  as  I  shall  not  have  time  to  pi  to  s<h*  him. 

And  again,  under  date  of  S<»ptemlK»r  1^,  of  the  .same  year: 

Should  this  fonnation  turn  i>ut  to  U*  as  ynu  antiri|>ate,  new  and  im]H>rtant,  will 
\iMi  disruM4  the  details  in  an  article  i**r  my  eoiitemplate<l  work  on  the  mineral  and 
atfrirultnral  chararteristies  of  K.  T.,  and  <h'wril»e  the  fossils  that  an»  new? 

Cnder  date  of  January  4,  1858,  he  wroU^  again: 

I  have  a  letter  U»f<»re  me  from  Professor  Swallow  in  whieh  he  thinks  the  Hpe<'i- 
mens  s(*nt  him  from  Smoky  Hill  Fork  are  ('arUMiifenms.     Therefore  sup|)oee  he  has 


"It  should  lie  noteit  that  Man*on  rlaimtMl  priority  in  the  discovery  of  Pennian 
(Pvasi  lieda  in  America,  the  dis4*overv  having  l>een  made  while  connecte<l  with  the 
P»citic  KailnMid  suney  in  1853.  (Se<*  his  American  <ieolo^ical  C^ssiHcation  and 
Nomenclature,  (*ainhridge,  1888. )  The  n irreetne***  of  hi^  i4il(*ontolo|^iiil  identilira- 
ti<in  wMqueationed  by  Meek,  White,  Mall,  and  Newberr}'. 
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not  sent  yim  Mny  foeeilM.  Of  coiirJt,  I  ulioiilri  i 
oppoeitiun,  bill  I  i-ertiihily  have  forms  unknown 
iferoua  rocke  of  MiB»>niiri  whii 


my  limited  knowlwige  in 
i  not  occurrinji  in  Carhon- 


Uiider  these  conditions  it  is  difficult  to  understand  why  Hawn 
should  have  lat#r  entered  into  a  partnership  with  Swallow  for  the 
working  up  of  the  collections  and  the  publication  of  the  results,  and 
it  is  perhaps  not  to  be  wondered  at  that  Meek  should  have  denounced 
the  proceeding  somewhat  harshly  in  a  paper  prepared  under  the  joint 
auspices  of  himself  and  Hayden  and  read  before  the  Albany  Institute 
on  March  'i  of  that  j-ear.  Hawn,  in  a  subsequent  letter  to  Meek,  excused 
himself  oil  the  ground  that  Meek's  letters  had  led  him  to  believe  that 
he  had  abandoned  the  investigation  for  want  of  time  or  for  want  of 
continence  in  the  tinal  I'esult,  and  that  consequently  he  brought  the 
matter  to  t lie  attention  of  Swallow  with  the  urgent  request  that  the 
collections  be  worked  up  immediately,  and  at  the  same  time  notifipd 
him  of  Meek's  suggestion  regai-ding  their 
I'erniian  nature.  Swallow  himself  wrote  a 
very  conciliatory  note  to  Meek,  which  seenLs, 
however,  to  have  lieen  far  from  healing  the 
breach  between  tlie  parties  most  concerned. 
The  facts  of  the  matter,  so  far  a,s  they  can 
lie  made  out,  both  from  the  publications  and 
the  letters  now  in  the  archives  of  the  Smith- 
soniiiTi  Institution,  seem  to  show  that,  l>e- 
voikI  i|iicsti<ni.  Meek  was  the  first  to  recog- 
nize till'  iKissibIc  IVriniiin  nature  of  the 
fiissilsin  qui'stiim:  lliat  hes(in<itiJie(l  Hawn, 
Hiul  su|)poscd  the  matter  wns  so  arranged 
rliut  he  could  work  the  niati'i-iiils  up  at  his 
h'isure.  In  the  meantime  lliiwn.  as  sug- 
hinking  that  Meek  liiid  laid  tlie  matter  aside. 
111.  published  the  mattei'  with 
ctioiis,"  as  well  lis  in  the  loi-al 
le  gJive  llie  substjince  of  the  dis- 
uiuy  H;.  which  WHS  publisher!  as 
,.f  Scicnc-  for  Miirch  of  that 

car  H.  F.  Hhmnarfl  announced, 
is,  timt  certain  fossils  which  his 

injf  iitaU-mi'iit,  which  i11iirtratcF>  hb> 
iijiiiHaiii'c  of  whicli  was  greatlv  over- 
.er  to  (he  .-.■ii-iirilic  woH.I,  we" feel  it 
•^  liet'ii  )>re!)art><l  in  areM  liaete,  in  the 

l<eftin'  the  number  »»»  l>ounil  up,  Rnd 
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brother,  Dr.  G.  G.  Shuniard,  had   brought  from  the  white  limestone 

of  the  Guadalupe  Mountains  of  New  Mexico  were,  at 
h^SSJ^SiooT'***"  i^^t  in  part,  identical  with  the  Permian  fossils  of 

Kansas.  This  is  referred  to  elsewhere  (p.  485).  Sub- 
sequently the  supposed  Permian  wa^j  recognized  in  Illinois  by  Hall 
from  fossils  sent  to  him  bv  Worthen. 

In  the  American  Journal  of  Science  for  May  of  the  year  following 
(1851>),  Meek  and  Hayden  had  a  paper  on  the  so-called  Triassic  rocks 
of  Kansas  and  Nebraska,  in  which  they  expressed  the  opinion  "  tliat 

the  entire  series  from  near  the  top  of  the  lower  Per- 

Mcck  and  Hayden  oa  ,  , 

TriaMicin  Kmnam»     mian  of  Profcssor  Swallow's  and  Mr.  Hawn's  sections, 

and  NdMvaka. 

down  even  lower  than  the  horizon  where  thev  draw 
their  line  between  the  Coal  Measures  and  the  Permian,  should  be 
regarded  most  nearly  related  to  the  Car}x)niferous  and  might  well  \ie 
called  Permo-Carboniferous."  This  view  for  some  time  prevailed,  but 
recent  work  has  shown  that  beds,  the  equivalent  of  the  true  European 
Permean,  are  present  in  Kansas,  Nebraska,  the  Guadalupe  Mountains, 
and  perhaps  in  other  ])arts  of  the  West  as  well. 

Information  regarding  the  geology  of  Texas  up  to  this  date  (1S58) 
had  been  gradually  accumulating  through  the  work  of  geologists  con- 
nected with  the  various  exploring  expeditions,  and  more  particularly 

through  Ferdinard  Roemer's  publications.  Koemer,  it 
OMioricai  Survey  of  may  l)e  well  to  remark,  wa.s  a  German  who  came  to 

America  in  1S45  for  the  purpose  of  geological  explora- 
tion, and  passed  a  year  and  a  half  in  active  work  in  Texas.  The  most 
imiK)rtant  of  his  publications,  the  outcome  of  this  work,  was  his  Die 
Kreidebildungen  von  Texas,  und  ihre  organischen  Einschlusse,  lk)nn, 
lvSo'2 — a  large  quarto  of  100  jxiges  of  text  and  11  plates  of  invertebrate 
fossils.  In  1S5S  the  tirst  atU»mpt  at  a  systematic  survey  under  State 
auspices  was  attempted,  and  Dr.  B.  F.  Shumard,  whose  paleontologicjil 
work  in  connection  with  explorations  under  Capt.  K.  B.  Marcy  and 
Colonel  Popi»  have  been  already  noted,  was  appointed  State  geologist. 
Shumard  served,  through  nuich  trial  and  tribulation,  only  to  1800, 
when  he  was  suspended  for  political  reasons,**  and  Dr.  Francis  M. 
Moore,  who  had  lieen  one  of  his  assistants,  appoint(»d  in  his  place. 

«ArHTiN,  Ajtrllo,  1860. 
My  I>E-\k  M.:  Your  kin<l  letter  rea<'luMl  me  to-<lay,  and  I  ran  not  Hiifficienlly  thank 
you  for  the  friendly  f»*elin>f  that  prinnpte*!  you  to  write  it  and  for  the  eourm*  you 
havt*  taki'fi  in  refusing  tt'r'tiinonials  to  the  aspirant  who  desiretj  to  supplant  me  in 
the  place  I  ntiW  (KTUpy.  I  shall  8|)eak  to  you  unn'»*er\-e<ny,  for  I  have  ha<l  Unt  many 
a««iinin<'eH  of  your  friendi^hip  to  douht  it.  <  >f  the  (jualiHcationH  of  the  {x^rnon  alluded 
to.  ti)  take  charge  of  a  work  ho  im|»<»rtiint  fu*  the  Hurvey  of  thin  State,  1  nee<l  not 
inform  yon.  What  he  known  of  jreol<»|fy  \wt*  not  b<H*n  ^thered  fnmi  Htudy,  but 
from  i*onverHation>»  with  >:eolojfi**t**.  Thiw  lie  at  firnt  made  the  Coal  Mea**ureH  of  Fort 
IVl knap  Tertiary  and  wrote  a  hnm  article  which  wan  puhli^hed  in  the  Texan  pa[>er>»! 
He  then  t4X»k  Home  of  the  8ame  foMHiln  tliat  he  nOitnl  u|ion  to  pmve  their  Tertiar}- 
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Rut  one  n»i)oit  was  IssiukI,  a  pamphlet  of  17  pages,  lieariiig  the  date 
iS59.  It  very  hri(»rty  outlined  the  work  accomplished,  lading  con- 
sidenible  emphjisis  ui>on  the  presence  of  coal  and  other  economic 
products,  including  {Xitroleuui.  (leorgt*  G.  Shumard  was  assistant 
geologist,  W.  P.  Riddell,  chemist,  and  A.  Koessler,  draftsman. 

In  a  letter  to  J.  D.  Dana,  and  by  the  latter  printed  in  the  American 
Journal  of  Science  for  April,  1858,  Professor  Safford,  then  at  Cumber- 
land University,  Lebanon,  Tennessee,  called  attention  to  an  important 
Safford  on  the  ^"^  previously  uTirccognizcd  unconformability  existing 

Betwe«iThe'i!ower  between  the  Lower  and  Upper  Silurian  formations  in 
FormitlwM^in"^*"  Tennessee,  indicating,  as  he  felt,  the  one-time  presence 
TennoMee,  1858-59.  ^f  a,j  inland  somc  80  to  90  milcs  in  diameter  in  the 
Upper  Silurian  and  Devoniaii  seas,  and  Oi'cupying  a  central  position 
with  reference  to  the  present  limits  of  the  State.     This  he  regarded  a^^ 

ajre  to  the  North,  HubinittfHi  theni  to  *'niy  friend  Mr.  Meek,"  returned  to  Texas,  and 
nhortly  after  j)id)lished  a  learne<l  (?)  article  in  which  he  rt^ferred  these  beds  to  Uie 
(\)al  Measures,  their  true  age.  I  am  aware  that  he  profenses  to  1)e  a  friend  of  mine, 
hut  I  can  cry,  "save  ine  from  Huch  friends.''  lie  navH  truly  that  I  ani  or  have  been 
in  trouble,  but  all  of  the  trouble  ha.s  been  caustMl  either  by  himself  or  his  friends. 
HeHpentsome  tive  or  six  weekH  here  last  winter  during  the  session  of  the  legislature, 
an<l  it  is  believe<l  liere  that  he  used  every  en<leavor  to  get  either  my  position  or  that 
of  one  of  my  assistants,  either  of  whom  are  much  Ixjtter  geologists  than  he.  Gov- 
ernor Runnels  refuse<l  him  the  apiwintment  solely  on  the  ground  of  inix)mpetency, 
and  insiste<l,  for  the  same  reason,  that  I  should  not  give  him  the  place  of  assistant. 
He  has  been  a  politician  a  1  his  life  and  for  many  years  e<liteil  a  leading  political 
paper  in  this  State.  No  one  in  this  State  believes  him  to  be  a  geologist,  although 
for  political  reasons  some  profess  to  think  so.  1  In^lieve  conscientiously  that  if  the 
geological  survey  of  this  State  is  abolished,  it  will  be  done  thnmgh  the  maneuvering 
of  Dr.  M.'s  friends  or  himself.  It  would  have  been  abolishe<l  last  winter  had  the 
legislature  entertained  the  ojjinion  that  Dr.  M.  would  be  j)laced  in  charge  of  the 
survey.  The  people  throughout  the  State  feel  a  great  inten^st  in  the  survey.  But 
the  important  work  will  a.<siire«ll}  eeas<*  with  the  ni'xt  legislature  if  Houston  makes 
the  change.  I  do  not  know  wliat  encouragement  (Jov.  Houston  has  given  Dr.  M. 
He  (Houston)  has  removed  eyery  one  of  Huniiers  appointees,  except  myself,  ami 
])ut  for  the  interference  of  some  of  Houston's  warmest  admirers  I  should  have  shansl 
the  same  fate  ere  this.  I  have  ha«l  indinM-t  assurances  from  influential  Houston 
m<*n  that  I  am  not  to  be  disturbed.  It  may  be,  however,  that  he  would  like  t<» 
remove  me  simply  from  his  liatrtMl  to  Kunnels,  and  that  he  wtnild  like  t<i  shield 
himself  l)ehiiHl  testimonials  in  Dr.  M's  favor  from  such  men  as  l*rofeK**ors  Henry, 
Hache,  and  y<mrself.  Or  it  may  be  that  l)r.  M.  wishes  the  testimonials  mertdy  to 
induce  Houston  t«)  give  him  the  place.  (H  one  thing  1  am  <|nite  certain,  and  that  is, 
any  testimonials  he  may  succ(v<l  in  procuring  will  be  emj)loyed  to  the  injury  of  the 
survey.     ♦    ♦    * 

I  am  sorry  that  I  have  had  to  say  unkind  things  of  anyone,  but  in  the  matter  <if 
the  Texas  survey  the  Ciise  requires  it.  1  shall  feel  much  obliged  to  you  if  you  will 
communicate  the  contents  of  this  letter  to  Profe**sor  Henry,  to  whom  lam  under 
//m/<y  obligations  for  rrnnnf  favors.  I  shall  strive  to  merit  tln'  g«)0<l  opini(»n  that  he 
entertains  of  me. 

*  w  *  ♦  *  •► 

B.  F.  Sht-Marik 


pnilmbly  elevatt'd  at  the  riose  of  the  Lower  Silurian  period  and  not 
a^in  depresse<l  until  the  beginning  of  the  jKM'iod  marked  hv  the 
deposition  of  the  hiack  shah*  (I'pper  Devonian).  I^at^'r,  in  Is.Mi.  Saf 
ford  pointtnl  out  the  fa<t  that  the  crinoidal  and  variegated  marbles 
and  ferrug-inous  limestones  of  eastern  Tennessee  were  originally 
deposited  in  the  fonu  of  long,  narrow  l)elts,  stretehing  in  a  northeast 
and  southwest  direction  entirely  arross  the  State.  This  striking  fea- 
tun^  he  a<*counU*d  for  on  the  supposition  that  the  materials  were 
deposited  in  long  and  narrow  troughs,  formed  by  earlier  oscillations  or 
corrugations  of  the  earth's  crust,  the  conditions  thus  confirming  the 
views  held  by  Professor  Dana  as  to  the  early  Silurian  age  of  the  l)egin- 
nings  of  the  Appalachian  oscillations.  " 

The  geological  survey  of  Pennsylvania,  established  under  II.  D. 
Rogers  in  1886,  <*ame,  it  will  l>e  remembered,  to  an  untimely  end  in 
1842.    Rogers  l>eing,  however,  unwilling  to  relincpiish  the  work  in  its 

untinished  condition,  continued  it  at  his  own  expens<» 
Si^mSuiJ ''*"*'  until  he  was  able  in  1S47  to  make  his  final  report  to 
PMUMyiviLia.  1858.  the  ofKce   of   the   secretary    of   the   Couunon wealth. 

Here,  for  some  unknown  reason,  the  manus<*ript  was 
allowed  to  lie  until  the  spring  of  1S51.  when  appropriations  were  made 
for  revising  it  and  bringing  it  up  to  date.  The  appn>priations  were 
continued  until  1855. 

(rross  mismanagement  of  the  funds,  for  which,  it  is  said,  Rogers  was 
in  no  way  re.sponsible,  prevented  the  publication  of  the  report,  how- 
ever, and  it  was  not  until  1S58  that  it  was  finalh'  issued,  and  then  only 
under  a  special  contract  l)etween  the  author  and  the  State,  whereby 
the  latter  was  to  furnish  the  sum  of  #16, (MM)  and  Rogers  was  to  receive 
l,tMM)  copies  of  the  lKX)k  and  the  original  manuscript.*  The  work  was 
issued  by  \V.  Blackwood  <Sc  Sons,  London  and  Pxiinburgh,  and  •!.  P. 
Ijippincott  &  Co.,  of  Philailelphia,  and  was  in  the  form  of  two  cjuarto 
volumes  containing  lAVM  imge^s,  with  28  full  jmge  plates,  IS  foldini 
shcM'ts  of  Motions,  and  778  figures  and  diagmnis  in  the  text. 

This  was  an  e|KX!h- making  work,  and  lM»yond  question  the  most 
ini|K>rtant  dcM*ument  on  the  geology  of  Ameri(*a  that  ha<l  apjx^ared  up 
to  the  date  of  is.sue,  with  the  possible  exception  of  the  final  reports  of 
the  New  York  survevs,  issued  in  1842-43.  From  these  it  m*  difTenMl. 
however,  as  t4>  Im»  ronsidered  quite  by  itself.     In  the  New  York  siir 

*» Tlu-pe  vit'WH  an*  a^aiii  mlvaiKiNl  l»y  ririch  ami  S-hurlitTt  (Report  of  the  Ni*w 
York  SUU*  Pkle<mto|(>)riKt  for  1W)1,  pp.  rt:i'Mi«;i),  who  Htate  that  m^veral  fokin  wert* 
<lfM*lop«*<l  or  oMtToneH  aitvntuattil  at  theolot«eof  Beekiiiantown  (CahMfcn>tiH)  tiiiu*. 
iietwit*!!  the^e  fohlj*  <ff  the  noiithvni  Ap|iala4*hiaiiH  diiriiig  later  Lower  Sihirir  timer* 
HAH  ttie  " l.4raoir  Baf«tn/'  " (X>ntaiiitn^  nevenil  <lbH*oniie<*te<l  lon^ntuiliiuil  folilH  hi^h 
fnoti>;h  to  afleet  the  <iire<*tion  of  rurrentj*  and  coiuiefjiiently  tlie  chanu'ter  of  the  wnii- 
rnentu,  an<l«  in  a  lonaller  deirree,  faiinal  <liMtribution.  The  variefcateil  niarble><  an* 
in  the  wectem  or  **Knoxville  troiiKh  **  of  thif*  baifin. 
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vey  stratigraphy  based  upon  organic  remains  wavS  ever  uppermoHt 
In  the  case  of  the  Rogers  reports  quite  the  reveuse  is. true,  the  ph^'sical 
side  preponderating  over  everything  else.  Whih^  the  value  of  fossils 
in  determining  the  relative  age  of  stmta  was  recognized,  yet  out  of  the 
entire  1,081  pages  but  20  are  devoted  to  invertebnite  paleontology 
and  47 — by  Lesquereux  to  a  description  and  discussion  of  the  fossil 
flora  of  the  Coal  Measures.  Naturally,  many  of  the  results  given  in 
these  reports  and  the  opinions  expressed  had  found  their  way  into 
print  several  years  earlier,  particularly  through  the  publication  of  the 
American  Association  of  (leologists  and  Naturalists.  Especially  was 
this  the  case  with  the  results  relative  to  Appalachian  structure. 

Rogers  was  aided  by  a  consid(M*able  corps  of  assistants,  manv  of 
whom  afterwards  became  notc^d  in  the  same  lines  of  work.  In  1886 
these  were  John  F.  Frazer  and  James  C.  Booth:  in  1837,  Messrs.  S.  S. 
Haldeman,  A.  McKinley,  C.  H.  Trego,  and  J.  1).  Whelpley,  with 
Dr.  R.  E.  Rogers  as  chenjist.  In  1838  Messrs.  H.  D.  Holl,  J.  T. 
Hodge,  R.  M.  Jackson,  J.  C.  McKinney,  P.  W.  Si^haetTer,  T.  Ward, 
and  M.  H.  Boye  were  added  to  the  force.  In  1839  J.  Peter  Lesley 
and  Doctor  Henderson  were  added  in  place  of  Messrs.  Whelpley  and 
McKinney,  who  resigned.  In  1840  the  personnel  was  essentially  the 
same.  In  1841  it  was  reduced  to  Messrs.  McKinley,  Holl,  Jackson, 
Lesley,  Boye,  and  Doctor  Rogers.  In  1851  the  geological  assistants 
were  Prof.  E.  Desor  and  W.  B.  Rogers,  jr.,  Peter  I^sley  and  A.  A. 
Dalson  serving  as  t()i)ographers. 

The  tirst  volume  of  these  reports  treated  of  the  metamorphic  rocks 
and  the  Pal(M)Z()ic  strata.  The  second  volume  began  with  a  discussion 
of  the  coal  basins  of  the  State,  to  which  over  <>()()  pages  were  devoted. 
Souk*  3n  ])ages  wde  devoted  to  a  discussion  of  the  rocks  of  the  Meso- 
zoic  red  sandstone  sditvs,  which  was  followcnl  by  a  discussion,  tirst 
upon  the  igneous  rocks  and  miiu^rals  with  special  bearing  upon  their 
economic  value:  second,  the  conditions  of  the  physical  geogi-aphy 
during  the  laying  down  of  the  Paleozoic  strata  of  the  United  States; 
third,  the  organic  remains  of  th(»  State;  fourth,  the  laws  of  structure 
of  the  more  disturbed  zoni^s  of  the  earth's  crust;  tifth,  the  classitica- 
tion  of  the  several  types  of  p(»trographic  structure  illustrated  in  the 
Appalachians:  sixth,  tin*  coal  tields  of  the  United  States  and  British 
provinces,  with  their  che;nical  and  physical  cliaracters;  seventh,  the 
method  of  searching  for,  o])ening.  and  mining  coal,  as  pursued  in 
Pennsylvania;  eighth,  foreign  coal  tields  and  coal  trade  and  statistics 
of  the  iron  trade. 

The  nonfossiliferous  rocks  underlying  the  old  Paleozoic  were  dassi- 
tied  as  Ilypozolc  or  true  metamorphic  and  AzoU'  or  semimetamorphic, 
the  Hyjwzoic  including  the  true  gneisses  and  crystalline  schists,  and 
the  Azoic  or  semimetamorphic  strata   "various  coarse  talcoid   and 
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chloritic  schists,  8euiiporph>ritii',  arenaceous  grits  and  conglomerates, 
and  jaspery  and  plumbaginous  slates,"  carrying  veins  and  dikes  of  a 
metalliferous  character. 

He  recognized  the  difficulty  in  at  all  times  separating  the  Azoic 
rocks  from  the  overh'ing  genuine  Paleozoic,  and  also  the  fact  that  it 
might  at  times  grade  into  it  without  a  hreiik.  Also  he  recognized 
the  fact  that  a  portion  of  his  Lower  Paleozoic  was  metamorphic  or 
semimetamoiphic.  When  one  reflects  on  how  emphatically  Rogers 
coml)ated  Emmons's  Taconic  system,  it  seems  strange  that  he  should 
hold  to  these  views. 

The  lielt  of  metamorphic  and  siMni metamorphic  strata  extending 
from  Newfoundland  to  Alal>ama  he  designate<^l  as  the  Appalachian  or 
Atlantic  Belt,  and  the  one  exttmding  westwanl  frou)  the  north  coast 
of  the  St.  I^wrence  Gulf  to  the  (ireat  I^akes  as  the  Laurentide, 
owing  to  the  fact  that  these  latter  rocks  were  well  developed  in  the 
I^aurentide  Mountains. 

The  s^'mimetiimorphic  Azoic  rocks  he  considered  as  richer  in  miner- 
als than  the  true  gneisses,  and  to  these  he  referred  the*  s<*hists  of  the 
Atlantic  coasts,  l)earing  lead,  cop|>iM\  zinc,  and  iron,  and  the  auriferous 
(juartz  veins  of  C'alifornia. 

The  Paleozoic  formation  propter,  which  was  estimated  to  cover  prob- 
ablv  one-half  of  the  total  area  of  the  UniU»d  States  and  to  have  a  total 
thickness  of  from  8i),<>0i)  to  35,<MM)  feet,  was  divided  into  fifteen  distinct 
series  or  sets  of  formations,  *•  extending  from  the  deposits  which  wit- 
nessed the  very  dawn  of  life  upon  the  gh)lM»  to  those  which  saw  the 
close  of  the  long  American  Paleozoic  day."  The  names  assigned  to 
these  formations  he  regarded  as  "significant  of  the  diflferent  natural 
peri<Kls  into  which  the  day  divides  itself,  from  the  earliest  dawn  to 
twilight."  These  were,  beginning  with  the  oldest,  Primal,  Auroml, 
Matinal.  levant,  Surgent,  S<'alent,  Pre-Meridian,  Meridian,  Post- 
Meridian,  Cadent,  Vergent,  Ponent,  Vespt»rtine,  Tmbml,  and  S^ml — 
signifying  the  Dawn,  Daybreak,  Morning,  Sunrise,  Ascending  day. 
High  morning,  Foi"en(K>ii,  Noon,  Afternoon,  Waning  day,  Des4*ending 
day,  Suns4»t,  Evening,  Dusk,  and  Nightfall.  These  terms,  [>a.*'ed  on 
time,  he  considered  preferable  to  the  inexpressive  ones,  mainly  of  a 
geographic  chanu*ter,  then  in  vogue. 

The  Primal,  Auroral,  and  Matinal  were  regarded  as  the  approximate 
representatives  of  Se<lgwick's  Cambrian;  the  Levant.  Surgent,  S<'alent, 
and  Pre-Meridian,  near  represtmtatives  of  the  English  Silurian,  l>egin- 
ning  with  the  L'ppi*r  Caradoc  San<lstones.  He  recognized  Ijoth  a 
physical  and  paleontological  break  in  the  sucnession  of  strata  at  the 
contact  of  these  two  great  divisions  of  the  Paleozoic  system.  At  the 
ha«e  of  the  Carboniferous  he  thought  to  rcvognize  a  break  correspond- 
ingly ifharp. 
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The  riitire  Pal(M)zoir  system  was  thus  divided   into  three  natural 
divisions,  as  follows: 


rpjK'r  l*akM)z<iic 


Si'ral 

Tnibral [^CaHnniiferous 

Vesi)ertiiie.. . 

/Ponent 


Middle  Paleozoic. 


V^ergent 
Cadent . 


PoHt-Meridian.| 
Meridian I 


Latter    Devonian 
and  Carbonifer- 

<  )lder  Devonian 


Pre-Meridian  . 

Scalent 

Snrgent 

I-^vant 


Silurian 


Ix»wer  Paleozoic  .. 


Matinal 
Auroral 
Primal  . 


('and)rian 


Ckml  MeasureH. 

Middle  Carboniferous 

Lower  Carboniferouti. 

Cat«kill. 

Chenuing  and  Portage. 

Genesee,  Hamilton,  and  Mar- 
cel I  us* 
(Upper  Helderbeiig. 
jOriskany. 

I/)wer  Helderberg. 

Onondaga  Salt  Group  and  Ni- 
agara Limestone. 

Clinton. 

Medina. 

Trenton  Limestone,  Uticaand 
Hudson  River  slat«s. 

Black  River,  Chazy  limestone, 
and  CalciferouH  sandstone. 

Pots<lani. 


The  sediments  making  up  these  Paleozoic  strata  were,  accoi'ding  to 
his  views,  derived  from  a  laiul  area  now  occupied  by  the  Tertiary 
seaboard  plain  and  the  waters  of  the  Atlantic  Ocean.  This  deposition 
WHS  preceded  by  a  wide  movement  of  depression,  which  be^n  in  the 
south  or  southwest  and  permitted  the  waters  of  the  Appalachian  sea 
to  occupy  what  is  now^  the  upper  half  of  the  southern  Atlantic  slope. 
There  was,  however,  left  above  water  to  the  southeast  of  the  present 
Atlantic  plain,  a  lar^e  tract  of  continent  or  ^reat  chain  of  islands 
which,  with  num(»rous  fluctuations  in  their  limits,  remained  as  such 
down  to  the*  close  of  the  Carboniferous  period. 

He  considen^d  it  as  "susceptible  of  demonstration  that  the  various 
coal  basins,  bituminous  and  anthracitic.  of  Pennsylvania,  Maryland, 
Ohio,  Xirffiiiia.  Kentuckv,  and  T(Miness(M»  were  orit'inallv  unit-ed,'' 
*'tlM'  whole  as  one  ir^'^'iit  formation."  This  is  essentiallv  the  view  held 
to-<lay.  The  stru<*ture  of  the  coal,  as  he  viewed  it,  rendered  "it  ap- 
parent that  no  irreofniar  dispcM'sion  of  the  v(»^^etable  matter  by  any 
c()n<'<Mvable  mode  of  (Iriftiti^  *  *  *  <-ould  produce  the  phenomena 
which  thev  (»xhibit,"  and  he  could  not  <'on<*eiv<*  of  "anv  state  of  the 
surface  adapted  to  account  for  these  aj)pearances,  but  that  in  which 
the  martfin  of  th<»  sea  was  occupicnl  by  vast  marine*  savannahs  of  some 
peat-<Teatin^  plant,  ^rowinjjf  half  immers<»d  on  a  i:>erfectly  horizontal 
plain,  and  this  frino"edand  inters^xirsed  with  forests  of  trees,  shedding 
their  l<»av<'s  on  the  marsh.''  In  this  he  ap'ced  with  Beaumont,  though 
his  evidence  was  of  different  character,  lie  further  believed  that  the 
coal  material  Ix'came  finally  engulfed  through  earthcjuake  action,  the 
sea  receding  and  then  returning  once  more  laden  with  detritus,  carry- 
ing ever3'thing  before  it  and  nniching  far  inland.     Thus  the  entire 
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marginal  forest  growth  might  be  uprooted  and  as  the  sea  again 
retreated  the  material  would  be  spread  broadcast  and  mixed  with 
foarse  rock  detritus.  When  finall}"  the  earthquake  paroxysms  ceased 
and  the  sea  l)ec«me  quiet,  the  tine  silt  in  suspension  was  deposited, 
forming  thus  the  soil  for  another  growth. 

The  regular  decrease  in  the  amount  of  volatile  bituminous  matter  in 
the  coal  as  one  passes  from  west  to  east  was  accredited  to  the  action 
of  the— 

prodi^ous  quantity  of  intensely  heaU»<l  Ht4?am  and  gaseous  matter  emitteii  through 
the  crust  of  the  earth,  by  the  almost  infinite  number  of  cracks  and  crevices  which 
must  have  l^een  produced  during  the  undulation  and  permanent  t)ending  of  the  strata. 
The  i*oal  in  the  east  basin  would  thus  Vh?  effectually  steamed,  and  raiscnl  in  tempera- 
tare  in  every  i>art  of  the  mass  would  discharge  its  bituminous  matter  in  proportion 
to  the  energy  of  the  disturbance. 

Rogers,  it  should  be  noted,  found  in  the  Ameriam  Carl)oniferous  no 
recognizable  base  defined  by  organic  remains  alone,  and  in  his  classifi- 
cation relied  mainly  on  the  suddenness  of  the  change  from  marine  to 
terrestrial  forms  and  the  ra|>id  appeamnce  of  that  amazing  vegetation 
i'hai'acteristic  of  the  coal  period. 

He  conceived  the  Connecticut  red  sandstone  as  having  been  depos- 
ited on  sloping  shores  within  a  narrow  estuary,  iU  greatest  depth  near 
its  eastern  margin,  the  material  itself  having  l)een  derived  from  the 
west.  The  sandstone  west  of  the  Hudson  \i\  New  York  State  he 
believed  to  have  been  deposited  in  an  estuary  having  its  greatest  depth 
to  the  northwest,  the  materials  being  derived  from  the  southeast. 
The  period,  he  argued,  was  ushered  in  by  a  sudden  agitation  of  the 
region,  resulting  in  an  abrupt  depression  of  the  tidal  portions  of  each 
tract  below  the  general  ocean  level.  Into  these  depressions  the  sud- 
denh*  displaced  drainage  would  drop  a  lot  of  fragmentary  mati»rial 
such  as  would  form  the  lower  lying  conglomenites.  Finer  materials 
brought  in  later  by  stream  action,  and  more  or  less  modified  by  tides, 
formed  the  upper  l)eds.  He  agreed  with  Emmons  in  regarding  thes(» 
Mesozoic  sands  as  of  Jumssic  and  Oolitic  age. 

One  of  the  mo.st  imix)rtant  chapters  in  the  work  relaUnl  to  types  of 
orographic  structure  and  the  physical  structure  of  the  Appalachian 
chain,  which  was  worked  out  in  conjunction  with  his  brother,  Prof. 
William  B.  Rogers.  This  formed  the  substjince  of  a  paper  read 
l>efore  the  Association  of  American  Geologists  at  its  thiixl  session  in 
A|>ril.  IS42.  and  already  noted  under  that  date  (see  p.  3To).  It  is 
well  to  recall,  however,  that,  under  the  title  of  Dislorntion  of  an 
Aftfirlhial  A.ri't  Phiin^ — [.hinrrrft'tl  Si<h>  of  Ware,  S/torf'd  Ocrr  tlo 
Inrerted^  he  <lescril>ed  and  illustnited  the  overthrust  faults  of  the 
modern  geologist,  and  remarked  on  their  misleading  chamcter,  owing  to 
the  resulting  dipping  of  younger  strata  beneath  those  which  are  older. 

The  origin  of  valleys  occupying  the  crests  of  anticlinal  ridges,  which 
he  designated  as  '*  valleys  of  elevation,"  he  rightly  described  as  due  to 
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the  carving  force  of  waters.  The  mountains  themselves  he  thought  to 
have  been  elevated  by  successive  but  sudden  earthquake  movements 
through  and  above  the  ocean;  the  water  of  which,  as  a  consequence, 
was  propelled  in  gigantjc  billows  and  rushing  sheets  ti*ansversely  across 
the  anticlinal  ridges,  scooping  them  out  where  weakest  into  the  form 
of  terraced  oval  vallevs. 

Slaty  cleavage  was  looked  upon  as  due  not  to  movement,  purely,  but 
to  the  action  of  h3at  waves  traversing  the  rocks.  In  proof  of  this, 
he  cited  his  observations  to  the  effect  that,  in  gneisses  lying  in  an 
undisturbed  horizontal  position,  the  foliation  is  almost  invariably  coin- 
cident with  the  stratilScation,  the  heat  producing  it  having  flowed 
upward,  invading  stratum  after  stratum.  Where  granite  oc^^urs  invad- 
ing gneissic  strata,  the  foliation,  according  to  his  views,  is  parallel  to 
the  plane  of  outflowing  heat.  He  thought  to  discover  two  general 
laws:  First,  that  the  planes  of  foliation  "are  parallel  to  the  waves  of 
heat  which  have  been  transmitted  through  the  strata,'"  and  second, 
"the  foliation  is  parallel  or  approximately  so  to  the  cleavage,  when 
both  occur  in  the  same  rock  mass. 

A  singular  and,  to  the  present  writer,  unaccountable  discrepancy  in 
the  work  of  Rogers  lies  in  his  almost  completely  ignoring  the  latest 
glacial  views  as  advocated  by  Agassiz  and  others.  The  fact  that  the 
greater  part  of  the  work  was  completed  and  the  manuscript  prepared 
prior  to  IS48  can  scarcely  1k»  considered  a  sufficient  reason,  since  the 
years  1851-1 855  were  devoted  to  its  revision  and  bringing  it  up  to  date. 
Moreover,  his  mention  of  the  fact  that  the  marine  Pleistocene  forma- 
tion of  ( 'anada  had  been  designated  Laureiitian  clays  by  Desor  (in 
1850),  shows  that  he  was  at  least  conveisaiit  with  th(»  liteniture  of  the 
peri(Kl;  the  fact  that  he  had  consi(l(»red,  if  not  fully  comprehended, 
Agassiz's  views,  is  shown  by  a  brief  paragraph,  in  which  he  des<Tibed 
and  figured  drift  stria*  seen  on  an  exposed  surface  of  Tmbral  sand- 
stone on  the  south  side  of  the  Wyoming  Vall(\v.  These  are  described 
as  pointing  up  the  slope  towai'd  the  south W(»st,  '*as  if  pnnluced  by 
fragmentary  debris  violently  propelled  against  the  sloping  mountain 
wall  of  the  valley  from  the  north."  The  presence  of  such  ascending 
stria\  both  here  and  elsewhere,  effectually  refuted,  accordmg  to  his 
conception  of  it,  the  glacial  theory  of  th(»ir  origiii.  Like  Hitchcock, 
he  failed  to  conceive  of  other  than  local  mountain  glaciers  of  the  Swiss 
type.  Without  mentioning  the  name  of  Agassiz  or  other  of  his  col- 
laborators than  that  of  Desor,  h<»  gav(*  the  following,  even  then  anti- 
(luated  matter,  after  a  general  discussion  of  the  distribution  of  the 
drift  and  the  \arious  phenonuMia  accompanying  it.  For  the  earlier 
drift,  it  should  be  noted,  he  offered  no  explanation  whatever  other 
than  implied  in  a  refcM'ence  to  a  period  of  repose  which  "separated 
the  convulsed  epochs  of  the  earli(»r  genenil  and  later  local  drift.'' 

A  ready  explanation  of  the  origin  of  thip  newest  Pleistocene  deposit  (i.  e.,  that  of 
the  Hudw»n  and  I^ke  Chainplain  districts)  sn^'^ests  itself  when  we  consider  the 
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nature  and  eneiyy  of  the  crust  movements  which  lifte<l  the  Laurentian  clayH  and 
sands  to  a  height,  in  one  locality  at  least,  of  not  less  than  5()0  feet,  and  which  drained 
wide  tracts  of  the  Upper  Laurentian  lakes.  The  mere  agitation  or  pulsating  move- 
ment of  the  crust,  if  unaccompanie<l  hy  any  permanent  uplift  of  the  land,  would 
suffice  we  would  think,  hy  lashing  the  waters  of  the  t^dal  estuaries  in  one  quarter 
and  the  lakes  in  the  other,  to  strew  a  jMirtion  of  the  older  drift  ])ordering  all  those 
l)asins  in  wi<ie  dispersion  ujK)n  the  top  of  the  more  tran(]uil  sediments;  but  if  such  a 
pulsation  of  the  crust  were  accompanied  with  successive  jvaroxysmal  liftings  of  wide 
tracts  of  the  land,  then  the  inundation  would  take  the  form  of  stujM'ndous  currents, 
the  strewing  iK)wer  of  which  would  ]>e  adecjuate  to  any  amount  of  sui>erficial  trans- 
portation, even  to  the  n»mote  transportation  of  the  larger  erratics. 

His  ideas  regarding  vein  formation  and  the  origin  of  quartzite  were 
equally  crude.  Thus,  specult^tingon  the  wide  distribution  of  the  Pots- 
dam sandstone,  its  remarkable  uniformity  and  purely  <|uartzose  nature, 
he  wrote  with  particular  reference  to  the  last: 

May  we  not  i-onjecture  that  this  ♦  *  ♦  was  supplied  from  the  great  dikes  and 
veins  of  auriferous  quartz,  which  *  *  ♦  i8Hue<l  in  a  melte<l  condition  through  the 
rents  and  fissures  of  the  crust  over  all  tiie  region  of  the  Atlantic  slope.  ♦  ♦  * 
(hitgushiiig  l>odies  of  this  quartz  mingled  with  volcanic  steam,  and  suddenly  chille<l 
an<l  i>elte<i  uiK>n  by  cold  and  heavy  rains,  may  have  ]>een  granulated  into  sand,  as 
would  «M'cur  with  lieattMl  unanneale<i  glass,  and  then  washcnl  in  copious  streams  int<^> 
broa^l,  shallow,  and  tide-moved  sea,  ami  there  gradually  diHiHTsiH!  and  prei*ipitate<!. 

From  the  above  it  will  appear  that  Rogers  was  a  catastrophist. 
Further  than  that,  viewed  in  the  light  of  to-day,  nmny  of  the  conclu- 
rtions  which  he  drew  from  observed  phenomena  aiwl  th<»  theories 
advanced  are  strikingly  absurd  for  a  man  of  his  learning.  This  is 
particularly  true  with  reference  to  his  ideas  on  the  formation  of  anthra- 
cite (p.  372),  the  origin  of  valleys  (p.  41>8)and  mountain  chains  (p.  371), 
and  that  of  the  Potsdam  sandstone  just  mentioned.  Indeed,  his  entire 
work  well  illustrators  the  |>eculiar,  uneven  make-up  (if  1  may  be  allowed 
the  expression)  of  some  of  our  liest  workers,  (tifted  with  a  mind 
unequaled  for  power  of  observation  and  deduction,  he  was  yet  wholly 
deficient  in  theory."  **  (ireat  men,  of  great  gifts  you  shall  ejisily  find, 
but  svmmetrical  men,  never." 

"The  work  wa**  favorahlv  revi«*we<l  in  th.e  American  Journal  of  S«ieiice  for  Novem- 
)>er,  1H59,  almost  the  oidy  tinfavorahle  criticism  n'lating  to  the  <leficiency  of  paleon- 
tological  w«»rk  ami  the  geologi(!al  nomenclature  adopteil.  "The  autlmr  has  left  this 
great  de|iartment  (of  paleontology)  of  the  survey  to  future  W(»rkers.  This  IxMUg  s<i, 
the  author  ha?*  hardly  a  hn»ad  enough  Uisis  for  the  institution  of  a  new  system  of 
iiomf*nrlaturt*  and  of  Hulxlivi^iion^<  for  the  Paleozoic  fonnation?^,  and  i*s|HH*ially  for 
diverging  in  the****  n*>*|>eeth  from  the  New  York  survey,  in  which  the  suUli visions 
hat!  l**t*n  found«*<l  u|M»n  a  thorough  ««tu<1y  of  the  ""rganic  nMiiain^.  The  names  of 
thei<e  HuUlivisioiif,  Auroral.  Matinal.  I^»vaiif,  Surgent.  and  hi  tni.  <-aii  not  U*  prove<l 
U*\n*  U'tter  tlian  th«is«*  U'fore  adopt<><I.  They  are  foundt^i  t»n  i\iv  idea  of  a  PahNizoie 
day,  which  has  ha<l  n«»»'xistem"e  «*x<vpt  in  the  fancy  of  the  writ<T  This  unfortunate* 
framework,  aUiut  wliiih  l*rofesf*<ir  K«»gers  has  du^ten**!  hin  fact^,  is  no  serious 
iin|M'<limeiit  to  the  g<*ological  readier  who  luis  a  key  at  hand  for  conqittrison. 

The  work  is  a  great  one,  worthy  of  the  State  which  authorize<l  the  survey.  It 
f^intains  a  vaiit  amount  of  infomiation  in  all  its  defiartments,  and  will  ever  rank 
among  the  mnul  important  of  the  n*fiort|i  of  the  gvology  r>f  the  Fnited  States. 
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As  previously  noted  (p.  438),  J.  G.  Norwood,  State  geologist  of  Illi- 
nois, was  succeeded  in  1858  by  Amos  H.  Worthen.     Under  the  latterV 
direction  the  survey  lasted  until  1875,  when  active  field  work  was  dis- 
continued, owinef  apparentlv  to  an  indisposition  on 

Amos  H.  Worthen's       ,  .     \.    .,        ,       T  ,  V  .  ,        • 

Work  in  iuinou.        the  part  of  the  leefislature  to  provide  the  necessarv 

funds.  Six  volumes  of  reports  had  been  issued  up  to 
this  time,  and  by  the  aid  of  sul>8equent  special  appropriations,  two 
more  were  completed,  the  last  bearing  the  date  1890,  and  on  the  title 
page  the  name  of  Joshua  Lindahl,  State  geologist,  and  Worthen  a8 
director.  The  total  published  results  of  this  survey  amounted  to 
upward  of  4,000  pages  of  text  and  197  full-page  plates  of  fossils. 

Worthen  was  aided  at  various  times  during  the  work  by  J.  D. 
Whitney.  I^o  Lesquereux,  Henry  Engelmann.  J.  S.  Newbeny,  F.  B. 
Meek,  H.  C.  Freeman,  II.  M.  Bannister.  H.  A.  (ireen,  James  Shaw, 
(t.  C  Broadhead,  Orestes  St.  John,  and  K.  T.  Cox.  The  work  of 
Whitn(»v  naturally  related  to  the  mining  problems  of  the  State. 
Les(|uereux  to  the  paleobotany.  Meek  to  the  invertebrate  paleontol- 
ogy, NewlHM'ry  to  the  vertehmtc  paleontology,  and  the  others  men- 
tioned to  genei*al  stratigraphy. 

In  the  tirst  volume  of  his  work  Worthen  divided  the  su])-Carl)on- 
iferous  into  five  groups:  The  ChesUM',  St.  Louis,  Keokuk,  Burlington. 
and  Kinderhook,  the  term  Chester  group  being  used  in  place  of  the 
Kaskaskia  of  Hall,  and  the  St.  Louis  including  the  Warsaw  of  Hall. 
The  blue,  green,  and  chocolate-colored  shales  immediately  underlying 
the  Kinderhook  group  in  western  and  southern  Illinois  he  regarded  as 
Devonian. 

Whitney,  in  his  n»port,  regarded  the  (ialena  limestone  as  the  ^'sole 
depository  of  lead  in  western  Illinois,''  a  view  not  quite  in  agreement 
with  that  expressed  with  reference  to  the  Iowa  and  Wisconsin  fields. 
Two  maps  were  given  in  this  n» port  -one  a  geological  map  of  the 
northwest  corner  of  the  State,  and  the  other  showing  a  diagram  of 
the  Icad-b<niriiig  crevices  near  (lalciia.  The  origin  of  these  lead- 
bearing  crevic(\s  "'seems  to  he  the  same  cause  by  which  what  are  i-alled 
joiiits  l)v  geologists  have  l)een  formed  in  almost  every  variety  of  rock, 
occurring  in  large  homogeneous  masses,  and  especially  where  a  decided 
crvstalline  textun*  exists  in  them."  The  course  of  the  main  set  of 
fissunvs  he  thought  might  have  been  determined  by  the  axis  of 
upheaval.  )>y  which  tlie  whole  region  had  been  slowly  elevated  along 
the  north  boundary  of  the  district,  the  metals  themselves  having  }>een 
held  in  solution  in  oceanic  waters  and  precipitated  through  the  agency 
of  decomposing  oiganic  matter." 

''Tills  is  rsHfiitially  the  view  held  to-<lay,  with  this  difference:  Mo«t  geolojrists 
)»elifve  that  the  ore  was  originally  dir^weniinated  throughout  the  limestone,  an<l  that 
it  lias  l>e<'onie  segregated  in  veins  and  p^x^ket'^  through  the  leaching  action  of 
niete<^ric  waters. 
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Le»quereux,  in  connection  with  his  paleobotanical  work,  took 
occasion  to  announce  his  adherence  to  the  view  that  the  coals  were  the 
result  of  the  accumulation  of  sphagnous  mosses,  in  place,  i.  e.,  were 
not  drift.  He  also  introduced  a  chapter  on  the  origin  of  pmiries.  in 
which  he  took  the  ground '' that  all  the  prairies  of  the  Mississippi 
Valley  were  formed  through  the  slow  recession  of  sheets  of  water  of 
varying  extent,  whereby  the  existing  lakes  were  gradually  transformed 
into  8wam|)8  and  bogs  and  ultimately  into  dry  land.  The  black  sur- 
face soil  of  the  prairies  he  thought  to  be  due  to  the  growth  and  decom- 
position of  bog  vegetation,  conferva?,  etc."  With  this  view  Worthen, 
in  the  fifth  volume  of  the  reports,  did  not  wholly  agree.  No  one 
theory,  he  thought,  was  sufficient  to  explain  all  the  pheiumiena  noted, 
though  the  chief  cause  of  the  treelessness  of  the  prairies  he  felt  to  be 
due  to  the  character  of  the  soil  itself.  The  loess  Worthen  regarded  as 
of  fluviatile  origin.  Concerning  the  origin  of  the  drift  as  a  whole,  he 
wrote: 

Thiw  it  will  lie  neeii  that  the  firnt  and  greatent  of  the  drift  fon*e8  wan  the  glacier; 
then  the  floating  icelHjrg  and  ice  field  pnwluced  their  n^nnltM,  carrying  the  largt^ 
bowlders  from  place  to  placi*  and  dropping  them  over  the  ice-cold  sens;  and  Wtly, 
the  wave  and  current  force  of  water,  after  the  ice  had  in  i>art  or  altogether  melte<l, 
leaving  the  loo^i*  clavH,  san<lH,  and  Hnl)»4oils,  sul^tantially  an  we  find  them. 

In  his  second  re{)ort,  publishetl  in  180(3,  Woithen  adhered  to  the 
determination  first  published  in  the  Transactions  of  the  Philadelphia 
Ac*ademy  of  St'iences,  1805,  to  call  by  the  name  of  the  Cincinnati  group 
the  HK'ks  of  the  Stale  grouped  by  ]Iall  under  the  name  of  Hudson 
River.  This  volume  was  devoted  wholly  to  the  [laleontology  of  the 
Slate,  and  contained  articles  by  NewlH»rry,  Meek,  Worthen.  and  I^s- 
qiiereux.  Newl)erry,  in  his  work  on  the  fossil  fishes,  accounted  for 
the  abimdance  of  some  of  these  forms  in  certain  strata  as  due  perhaps 
to  the  sudden  introduction  of  ''heated  waters  or  noxious  gases'*  in 
the  Carboniferous  seas  where  th<»se  forms  lived. 

The  third  volume  appeared  in  1S08,  and  was  given  up  to  a  discus- 
sion of  the  geology  of  the  various  counties,  with  paleontology  by 
Meek  and  Worthen. 

The  fourth  volume  appeared  in  I87u.  It  was  devoted  (juite  largely 
to  paleobotany  by  Lesquereux,  vertebrate  jMileontology  by  Newberry 
and  Worthen,  and  desiTiptive  geology  of  the  various  counties  by 
Worthen,  Bannister,  Bradley,  and  (treen. 

Worthen  was  l)orn  in  Vermont  in  1S18,  and  eilucaU»d  in  the  com- 
mon schools  and  the  local  academy.  In  1834  he  emigrated  to  Ken- 
tucky, and  in  1836  removed  thence  to  Warsaw,  Illinois,  where  he 

niad«^  his  permanent  home.  Until  1855  he  was  engaged 
MMicii«fW«rciMi.    in  mercantile  pursuits,  but  devoted  all  his  spare  time 

to  a  study  of  the  loi'al  geology,  to  which  he  was  at- 
triM-ted  by  the  abundant  fossil  remains  for  which  the  region  was  noted. 
jiAT  uv  1904 32 
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At  thi>  time  he.  JM'iran  his  work  satisfactorv  t«xt-booka  were  few  and 
the  difficulties  wliich  he  fiicoiinterpd  in  addition  may  be  iMwt  under- 
Ht<Kid  whf  II  it  tH  ivti)(>iiil)oritd  that  work  whs  undertaken  more  than 
fifty  years  a^jo,  whun  rnili'oads  were  pi'actically  unknown,  when  po-it- 
age  on  a  sinj^le  letK-r  «wt  lifi  rents,  and  when,  moreover,  money  wit« 
s«irpe  aM<l  lalwjr  ehcap.  There  bi-in^  no  overland  freight  or  cxpreiw 
lines,  all  his  exchan^res  of  spiH-iiiu>ns  with  friends  ia  the  East  were 
niadi'  l>y  means  of  Mississippi  River  st«HmI>oat8  between  Wari^aw  and 
New  Orleans.  hikI  (Inlf  of  Mexico  and  Atlantic  iwiliag  vessels  lietween 
New  Orleans  mid  Boston.  Often  months  would  elapse  between  the 
time  of  his  sending  and  return  of  exchange  material. 

In  1851  \Vorthen  first  I>egan  attendance 
uiwn  the  meetings  of  the  American  Associa- 
tion, and  in  1K5S,  as  noted,  took  part  in  the 
survey  of  the  State  of  Illinois,  under  the 
diivction  of  .1.  ti.  Norwood.  From  1«55- 
IS'iT  ho  was  assistant  to  James  Hall  on  the 
survev  (if  Iowa,  and  in  18r>8  was  made  State 
geoli>gist  of  Illinois  in  place  of  Norwood, 
as  iilrea<ly  mentioned. 

W'orthen's  own  labors  related  principally 
to  the  t'arl«iniferous  rocks,  and  to  him  Iw- 
loMgs  the  cri'dit  of  being  the  lirst  to  work 
(tur  lh«- 1  rue  relations  of  the  divisions  of  the 
Lower  CiirlMniifenuis  system  in  this  stvtion. 
I'erxitiiilly.  as  we  are  told  hy  W]>  biogm- 
pher.  Wortlieii  wa^  i-t'  niuiily  i»ii--i'Tiie.  kindly,  candid,  and  of  unpn-- 
tenlio[i>^  niunuer.  Impulsive  and  genemus  tii  his  t'rierids.  <-haritable  evi-n 
U'  tlioM-  tvitli  whom  lie  hud  little  syiu|Kithy.  Iiut  nncoinpromising  in  lii- 
love  of  ju>.ii<'e  anil  sclent i tit'  I  ruth.  Ili-i  tiiorough  interest  in  his  work 
is  shown  l>y  his  pcrsislent  continuation  of  the  saine  under  the  must 
adverse  condilious.  Again  and  again  his  work  was  in  danger  of  sus- 
pension liy  the  ihreati'iLfd  t'iiihirc  of  the  necessary  appropriations  hy 
the  Icgislaliire.  and  m..rc  tliaii  once  they  were  so  far  reduced  that 
<ndy  the  iiH>>t  <aret'ul  nianagpm<-nt  averted  disaster.  Once  during 
isT.'i- ls77  the  appropriations  were  aKowt^l  to  entirely  fail.  Init  he 
<-ontinue<l  liis  w<uk  without  i-oni|M'tisjition  and  with  such  sincerity  of 
purpo-c  ilmt  they  were  resumed  liy  ihe  in\t  h-gislaturc. 

I,e.-i|ucrcux,  whose  paleolioraiii<id  w<uk  has  lieen  on sevei-ai »K-casi(m> 
dcscril)<-il  in  llic-e  |>agis.  and  to  whom  we  shall  again  have  oi'nwien 
to  refer,  was  horn  at  Flenri<M-.  Switzerland,  in  ISnti,  and  came  to 
Anuri.a  with  Arnold  <iuyo(.  about  IS-is.  Ili>  early  scientific  studies 
were  oti  living  pliiuts;  Inil  latir.  and  particularly  after  coming  U> 
Anieriia,  lir  turiieil  hi-  atienlion  alrn<isl  exclusively  to  fossil  forms. 
Ili.s   wtnk  on   the   coal    plants  of   Ohio,    Pennsylvania,  Illinois,  and 
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Arkansas  be^n  in  1X5<I,  and  his  papci's  appi;ai'  in  tlip  geolojjical  sur- 
vey reports  of  all  thene  States.  Hi.s  work  on  the  coal  flora  of  Penn- 
sylvania waH  particularly  valuable,  forming  what  wa« 
at  the  time  the  most  important  work  on  ('iirl)oniferou« 
plantj*published  in  America.  Lcscpiereux  became  early 
(■onnect«*d  with  the  Haytleii  surveys,  ami  tii 
the  time  of  his  death,  in  lH8it.  was  actively 
engHged  in  the  study  i>f  the  umt*'rials  col- 
lected by  niemlwi-s  of  this  organization. 
Deaf  from  early  nntnhood,  a  fctreigner. 
with  but  poor  command  of  Knglish,  he 
labored  under  enormous  disadvantages. 
To  an  int^-rviewer  he  once  remarked: 

i..a1iH<irU-<l  with  ifravf 

1  altiiovt  fiitirvly  cif  h 
wiftilitir  nature.  My  ■lealni'iv  ml  nic  iiS  friini 
eviTvIliiiiK  that  lay  niitciilc  of  niiiK-*-.  I  liavc 
liv.-.i  witli  nature,  Hie  rcke,  th.-  trw*.  tlie  Hower-. 
TImm-  know  ii.f.  I  know  them.  .Ml  outside  ar.- 
dettd  to  u,e. 

In  April.  1h5«,  Henry  Youle  Hind,  of  Toronto,  was  authorized  by 
the  provincial  government  of  Canada  to  explon>  the  region  "lying  to 
the  went  of  Ijake  Winnipeg  and  Red  Itiver,  and  eniln-aci-d  (or  nearly 
so)  l>etween  the  rivers  Saskntchewitn  and  Assini>H)ine.  u-;  far  west  as 
South  llranch  Douse  on  the  former  river."  He  wa.s  directed  further 
tiiBd'  wsrki  h*  '"  P"""*'""'  *"  t'"'  i'lfonnation  in  his  j»ower  res|>e<-t- 
wiMipci CoantTy.  ing  the  ge<iIogy.  inituml  history.  to|n>graphy.  and 
meteiinth^y  of  the  region.  The  work  was  acconi 
plinhed  Ix-tw-.-en  .lune  14  and  tk-toU'r  :M.  the  i-esnlts  )H>iug  published 
in  IH5U  in  form  of  a  thin  4|UHr(o  volume  of  'Jul  jmges,  with  a  colon'd 
geolof^cHl  map,  two  plates  of  fossils,  and  other  maps,  figures,  and  s4-<'- 
tions.  The  region  was  descriia-d  as  occupied  by  I,aurentiaii  gneisses 
to  the  east  of  I.«ke  Winni|>eg.  succeeded  to  the  west  hy  Silurian. 
Devonian,  and  Civtaeeous  formations.  The  Cretaceous  fossils  were 
des<'rilH.>d  by  K.  IJ.  Meek  and  the  Devonian  and  Silurian  fonns  by 
K.  Billings. 

Hall's  princiiMl  contribution  to  strictly  ])hysical  geology  was  that 
relating  to  the  aecmnnlation  of  sediments  and  the  formation  of  luoun- 
taiii  chains.  The  lirst  brief  amiouncenn'nl  of  this  was  made  in  hi- 
tum-M  vum  —  n-porls  on  the  geology  of  Iowa.  (p.  4*>.'>1.      In  IH-'h  he 

^XSmSaEMMm    '"''"'K'''  ''"'  i"«tter  l»efore  the  public oiue  mun-  in  his 
'"••■  address    lK-f<iie    the    .Vinericau    As.-*oeiation     for    the 

Advancpment  of  .'^eiencc.  at    .Montreal.     This  addn'ss  was,  however, 
not  printed  at  the  time,  and  il  was  not  until  two  years  hiti'r  thai  he 
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formulated  his  views  and  gave  them  in  extension  in  part  six  of  the 
third  volume  of  the  Natural  History  of  New  York.  In  1869,  in  an 
address  on  the  Geological  History  of  the  North  American  Continent, 
delivered  before  the  American  Institute  of  New  York,  he  reiterated 
many  of  the  opinions  previously  announced,  and,  finally,  in  1882 
brought  out  the  original  address  of  1857,  and  this,  it  is  said,  without 
revision.  Whatever  changes  or  additions  it  was  found  desirable  to 
make  were  added  in  the  form  of  supplementary  notes.  The  subject 
may,  therefore,  be  conveniently  reviewed  at  this  date  (1859). 

Hall  had  shown  that  one  simple  and  intelligible  sequence  of  strata, 
from  the  Potsdam  sandstone  to  the  end  of  the  Coat  Measures,  covered, 
w  ith  slight  exceptions,  the  entire  country  from  the  Atlantic  slopes  to 
the  base  of  the  Rocky  Mountains,  and  that  while  the  horizontal  strata 
gave  their  whole  elevation  to  the  highest  parts  of  the  plain,  the  same 
beds  were  fokh»d  and  contorted  in  the  mountain  region,  thus  giving  to 
the  mountain  elevation  not  one-sixth  of  their  actual  thickness.  He 
thought  to  have  shown  conclusively  that  the  line  of  greatest  accumu- 
lation of  sediments  had  b<^en  along  the  direction  of  the  Appalachian 
chain;  in  other  words,  that  the  Appalachian  chain  was  itself  due  to 
the  original  deposition  of  materials  and  not  to  any  subsequent  action 
or  influence  breaking  up  and  dislocating  the  strata  of  which  it  was 
composed. 

Discussing  the  cause  of  this  folding  and  plication,  he  referred  to  the 
fact  previously  recognized  by  Herschel  to  the  effect  that  sen  bottoms, 
when  l()ad<»d  by  accumulated  sediment.s,  und(»rgo  a  process  of  sulisi- 
dence  which  may  cause  an  elevation  of  the  adjacent  continental  areas, 
a  ])rinciple  which  was  then  becoming  generally  recognized  and  which 
iias  since  become  known  under  the  name  of  tsostucy.  When,  then,  these 
sediments  were  spread  along  a  belt  of  sea  bottom,  as  originalh'  in  the 
line  of  the  present  Appalachian  chain,  the  tirst  eflect  would  te  to  pro- 
duce a  yielding  of  the  earth's  crust  beneath  and  a  gradual  subsidence. 
Evidence  of  this  subsidence  was  furnished  by  the  great  amount  of 
material  accunmlated,  for  it  was  impossible,  he  argued,  to  sup|K)se 
that  the  sea  had  been  originally  as  deep  as  the  thicknCvSs  of  the  accu- 
nuilations  (some  40,000  f(»et). 

The  line  of  greatest  de])ression  would,  therefore,  be  along  the  lines 
of  greatest  accumulation.  By  such  a  process  of  subsidence  the  lower 
side  of  theaccunudations  would  become  gradually  curved  and  stretched, 
and  there  would  follow,  as  a  sequence,  rents  and  fnu-tures.  On  the 
surface  al)ove,  which  would  be  contracted  horizontal  I  v  bv  such  sub- 
sidence,  there  would  be  produced  wrinkles  and  foldings  of  the  strata. 
Into  the  rifts  formed  below  it  was  conceivable  there  might  rush  fluid 
or  semifluid  material,  producing  what  are  now  evident  as  trap  dikes. 

The  sinking  of  tli^  mass  would  pr(Hluc(»  a  great  synclinal  axis,  and 
within  this  axis,  whether  on  a  large  or  small  scale,  would  be  produced 
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numerous  smaller  syncliiml  siiid  anticliiml  axes.  The  greater  amount 
of  compression  aUne  or  stretching  below  along  the  line  of  maximum 
thickness  of  the  sediments  would  account  for  the  gmdual  decline 
toward  the  margin  of  the  major  syncline  or  the  evidences  of  fracture 
and  distortion.  This,  he  thought,  afforded  a  partial  explanation  of 
th4»  fact  that  mountain  elevations  in  disturbed  regions  l)ear,  in  their 
altitude,  a  much  smaller  proportion  to  the  actual  thickness  of  the  for- 
mation than  do  the  hills  in  undisturlMnl  regions;  and,  further,  that  since 
in  the  formation  of  an  anticline  the  beds  an*  weakest  at  the  ridge  and 
liecome  more  liable  to  denudation,  such  are  oft<Mi  worn  down  to  form 
low  ground  or  even  deep  valleys,  while  the  synclinal  arches,  being 
pn)tected  in  the  downward  curvings  of  the  beds,  may  remain  to  form 
the  prominent  mounUihi  crests,  as  is  observable  in  the' southern  Appa- 
lachians. It  nowhere  seemed  to  him  that  folding  or  plication  had  con- 
tributed to  the  altitude  of  the  mountains,  but  rather  that  the  more 
extreme  the  plication  the  greater  had  been  the  general  degradation  of 
the  mAtit>  whei-ever  subjtH-ted  to  denuding  agencies. 

The  chief  elevation  of  the  Apimlachian  chain,  he  argued,  was  conti- 
nental and  not  of  loi*al  origin,  and  the  present  mountain  l>arriers  to 
him  were  but  the  visible  evidences  of  the  deposits  upon  an  ancient 
CH*ean  lM»d,  while  th^*  determining  <aust»  of  their  elevation  existed  long 
anterior  to  the  prod u<'t ion  of  tin*  mountains  thentsetves. 

At  nu  iMiint  nor  aloii^  any  line  lietwcHMi  the  ApjMlaehian  and  Rocky  MountainH 
iXHild  the  f*anii*  fiinvn  have  phmUuhnI  a  nmuntain  chain,  lK*cauH(^  the  niaterialM  of 
aecuniahiti<»n  were  iiiHutiieient,  anil  thongh  we  may  tnire  what  apfiearx  to  l)e  the 
fOmdoal  mibeidinf^  influenet*^  of  them*  forei^,  it  in  niniply  in  tht*H<*  instanoen  due  to  the 
paucity  of  the  material  ufion  which  to  exhibit  it»*  effect**. 

Referring  to  the  amount  of  metamorphism  which  these  rocks  had 
undergone,  Hall  thought  that  we  nuist  lo<»k  to  some  other  agency  than 
hi*at  for  the  production  of  the  phenomena,  and  that  the  '*  prime  cause 
must  have  existed  within  the  material  itself;  that  the  entire  change 
was  due  to  motion  or  fermentation  an<l  pressure  aided  by  a  nuKlerate 
increaiH»  of  tempi>rature,  prcxlucing  chemical  change."  Just  what  is 
nu^ant  by  this  it  is  diflicult  to  sav,  but,  inasmuch  as  Hall  seems  to  have 
lieen  in  (*onsultation  with  Sterrv  Hunt,  it  is  safe  to  assume  that  it  was 
intendeil  to  include  all  iM)ssible  causes  which  future  investigation 
might  nhow  to  have  Imhmi  <»|M>rative. 

Thes<>  views  of  Hall  seem  not  to  have  Imhmi  favorablv  received  at 
first  by  tte  American  gtnilogist^s,  and  were  fa<*etiously  referred  to 
by  l>afia  as  proposing  a  system  of  mountain  making  with  mountains 
left  out.  To  this  Hall  very  justly  replied  that  he  had  not  intended 
to  offer  any  new  theory  of  elevation,  nor  to  propound  any  principK» 
as  involvcKl  beyond  what  had  l>een  suggested  by  Babbage  and  Herschtd. 
What  he  did  inU*nd  to  imply  was  that  mcuintain  elevation  was  due 
t4i  Hodinientar)'  accumulation  and  sub8ei|uent  continental  elevation. 
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Hunt,  tiiininj,'  tu  lIuHN  iissistaiitr,  iir^'ucd  tlmt  his  vieww  wimc  larf^eh 
in  harmony  with  Ihosc  |ncvioiisly  itmiiitaincKt  hy  masters  in  the 
science  uf  K*'*^'1"W-  'l>'  Montlosicr,  jus  chi-Iv  a«  ISH2.  having  dc<:larfd 
thiit  the  fjrt'at  mountain  chains  uf  Europe  were,  liiit  the  rentainsof 
continental  p|cvati"ns  which  hml  Iwen  cut  away  hy  denudation,  the 
fol(lin)rs  iind  invcrsiiiiis  in  tlio  slnu-titni  of  mountains  lieing  l<x»kcd 
u[>on  as  1(H-«I  anil  ar<-i<lcntal. 

Joseph  1^  (.'until',  in  ii  later  pajier,  was  inclined  to  criticise  Hall's 
theurv  as  insulficietil.  Iiut  a  statement  <if  his  views,  as  well  as  those  of 
Dnnrt.  may  be  left  to  rheir  pro|M'r  place  in  ch ronol<^ieal  snwession. 
In  ISTiii  Henry  Kn^elnninn  accompanied. 
tis  ;>>-o]o^isl,  an  ex|H'ditioii  commanded  by 
(.'apt.  ■).  II.  Simpson,  oi^nized  for  the 
]niriKiso  iif  o|(enintf  new  wagon  rout^u  for 
military  piirpos<>s  across  the  (ireat  Basin 
of  I'tali.  Kn^dmann's  i-oport,  a^-coni- 
panied  by  one  of  Meek'»  on 
fn"^'™""^**"''''  *!'<'  invertebrate  foMflils. 
formed  Appendixes  I  and 
K  of  the  yerientl  report  of  the  expedition. 
Orifriiiiilly.  as  it  would  appear  from  the 
text,  the  miuiuscript  was  accompanied  by  a 
jjeologii-al  niiq)  tiiid  piotile,  though  such  do 
not  s<'eni  Ut  liave  ln?eu  published.  Nu 
i'X])liinatiori  is  otTered.  but  it  is  prolwble 
that  dovelojHuents  dnrinff  tlie  loufr  inteiviil  up  to  time  of  publica- 
tion" were  sTii-li  iis  to  tniike  the  tnap  of  iloulitful  value,  and  it 
was  supprcssi'tl.  Kii "jell nil iiTi's  observiitiiiiis  bcj,'iin  with  the  <-ountry 
in  the  iinrneiliati-  viriiiity  of  l^i-aveiiworth.  He  niiteil  the  pre.seiice  of 
roi-ks  of  t'lirbouifermis  iitiil  l'ei-riio-( 'jii'boiiiferous  ages  alon^  (lie 
Uepubli.iin  IJiv.r.  :ind  .if  Cretiiceous  and  rerliuvy  deposits  farther 
we^t.  In  the  .li>tricl  leiidinjr  from  the  eastern  foot'hills  of  the  K<K-ky 
Mountains  to  ihi- divide  l.etw.-cn  the  waters  of  (lie  Atlantic  and  Pacific 
he  tliciujriil  I"  reeojrni/e  r.»-ks  of  Silurian  and  [irobalily  I>ev()nian,  far- 
iMinifi'ion-,  l'<'rniiiin,'rria>sii-.  .Iiinissic.  Cretaeeous.  and  Tertiary  ages. 


CHAPTER  Yi. 

THE  ERA  OF  STATE  SURVEYS,  FOURTH  DECADE,  1860-1869. 

The  pericnl  of  the  civil  war  might  naturally  l)e  expected  to  be  a 
period  of  uncertainty  and  inaction  in  matters  ^-elating  to  the  sciences. 

In  all  the  seceding  States  work  then  in  progress  was  brought 
abruptly  to  a  close,  and  in  several  of  them — as  Missouri,  North  Caro- 
lina, and  Texas — the  records  so  far  lost  or  ruined  through  neglect  as 
to  make  them  well-nigh  valueless  for  futun*  reference.  Throughout 
the  North  the  results  were  comparatively  less  disastrous,  though  even 
there  work  was  in  some  instances  temjx)rarily  discontinued,  owing  to 
the  failure  of  legislatures  to  make  the  necessary  appropriations.  In 
four  instances,  however  (California,  Indiana,  Maine,  and  New  Jersey), 
survevs  were  established  almost  in  the  midst  of  the  threaU^ned  disaster. 

With  the  passing  of  these  years  of  turmoil,  active  work  was  begun 
once  more  in  States  where  it  had  been  l)ut  temporarily  suspended,  and 
in  othei*s,  new  organizations  authorized,  as  in  Kansas  in  1864.  Iowa 
and  North  Carolina  in  1866,  and  Louisiana,  Michigan,  and  Ohio  in 
18^>9.  A  futile  and  ill-considered  attempt  at  a  State  survey  of  Nevada 
was  also  made  in  1866  (?),  but,  fortunately  for  the  reputation  both  of 
the  science  and  the  individual,  no  one  vas  found  to  undertake  the 
work  under  the  conditions  proposed."  W.  E.  l^gan  continued  his 
work  as  provincial  geologist  of  Canada,  and  Murray  and  Richardson 
were  employed  in  Newfoundland. 

The  literature  of  the  decade  was  scared v  as  voluminous  as  in  either 
the  preceding  or  the  one  following.  By  far  the  most  important,  when 
all  is  taken  into  consideration,  was  the  first  edition  of  Dana's  Manual 
of  Geolog\' — a  work  of  798  pages,  which  at  once  took  its  place  as  the 
leading  authority  on  all  matters  pertaining  to  Ameri<'an  Geology — a 
place  which  it  has  continued  to  hold  through  all  its  four  editions  down 
to  the  present.  In  addition  to  this  may  be  mentioned  lx)gan's  sum- 
mation of  the  geology  of  Canada  (1863)  and  Cooke's  New  Jersey  (186.S). 

This  was  largely  an  era  of  new  workers,  or,  at  least,  new  leaders. 
Eaton  was  gone;  D.  D.  Owen  died  at  its  very  l)eginning;  the  elder 
Hitchcock  had  largely  ceased  his  labors;  while  the  Rogers  brothers  had 
lK)th  l)ecome  absorbed  in  the  work  of  teaching  and  administmtion,  and 
no  longer  took  an  active  part.     Dana  was  undoubtedly  the  leading 

"The  sum  of  $6,000  is  Ptattnl  to  have  l)een  appropriate<l,  with  the  stipulation  tliat 
tlie  survey  l>e  (•oinplete<l  in  eight  months. 
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figure,  while  James  Hail,  l>y  sheer  physical  energy,  dominated  in  mat- 
ters paleontological.  Many  new  names  and  faces  appear.  Among 
them  may  be  mentioned  those  of  T.  B.  Brooks,  E.  Billings,  Robert 
Bell,  E.  T.  Cox,  E.  D.  Cope,  F.  V.  Hayden,  C.  H.  Hitchcock,  W.  C. 
Kerr,  W.  E.  Logan,  Alexander  Murray,  J.  G.  Norwood,  Eklward 
Orton,  R.  Pumpelly,  C.  Rominger,  N.  S.  Shaler,  C.  A.  White,  and 
Charles  Whittlesey. 

As  a  whole,  the  decade  was  one  of  extension  of  the  geographir 
l)Oundari(?s  of  knowledge  mther  than  one  of  discovery  or  announce- 
ment of  new  principles.  Of  all  subjects,  that  of  glaciation  received, 
perhaps,  the  most  attention.  Our  line  of  separation  between  this  and 
the  decade  to  follow  must  be  quite  arbitrary,  since  several  important 
surveys  were  organized  during  1869  and  continued  well  on  into  the 
seventies. 

At  the  very  beginning  of  this  era  there  appeared  R.  Thomassy's 
Geologic  Pratique  de  la  Louisiane,  a  small  quarto  volume  of  263 
pages,  with  6  plates.     Why  the  word  "pratique"  should  have  been 

introduced  into  the  title  it  is  hard  to  say,  a  large  pro- 
Practicai  QcoiMp  of   portion  of  the  work  being  given  up  to  geographical 

and  meteorological  or  physiographical  matters,  and  the 
really  geological  portion  limited  to  a  description  and  discussion  of  the 
lower  Mississippi,  its  delta,  and  attendant  phenomena.  Its  appearance 
seems  to  have  excited  little  interest,  not  being  even  noted  in  the 
American  Journal  of  Science,  and  the  few^  original  ideas  advanced  are 
referred  to  by  Hilganl  and  oth(M*  subsequent  writers  only  to  show 
their  erroneous  nature. 

Thoniassv  dwelt  in  considenibjc  detail  upon  the  absorption  of  the 
waters  of  the  Mississippi  ])y  the  ])orous  terranes  above  New  Orleans 
and  tJKMr  conse(|Ucnt  diminution  in  volume  seaward.  The  '^mud 
lumps,"  so  common  in  the  lower  reaches  of  the  river,  he  regarded  as 
due  to  nnui  springs,  having  their  source  at  a  somewhat  higher  level 
on  the  land  and  opening  upward  in  the  bed  of  the  stream. 

He  considered  North  Island,  or  Petite  Anse,  as  it  is  more  commonly 
known,  as  of  volcanic  origin,  and  thought  to  have  discovered  traces 
of  the  violent  corrosive  action  of  thermal  waters  and  acids  on  the  rock 
fragments  which  he  conceived  to  have  been  ejected  from  the  depths 
of  the  (iulf  through  explosive  action.  Richard  Owen,  it  may  be  men- 
tioned, while  serving  in  the  Federal  Army  and  stationed  at  New 
Iberia,  Louisiana,  studied  these  deposits  cursorily,  and  came  to  the 
conclusion  that  the  island  was  not  volcanic.  On  the  contrary,  he 
thought  the  salt  was  the  product  of  evaporation  of  modern  sea  water, 
forming  lagoons  behind  protecting  ridges  under  the  influence  of  occa- 
sional high  tides.     (See  also  Hilgard's  views,  p.  5<)1.) 

In  1859,  largely  through  the  (efforts  of  Alexander  Winchell,  then 
professor  of  physics  and  <*ivil  engineering  in  the  State  University, 
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there  was  (established  a  geological  survey  of  Michigan.     Of  this  Win- 

chell  wa«  api)ointed  director,  making  his  fir«t  Report 

WlncbeU's  Work  la  '  ^  '*  ^  f 

Miciiiffu,  iS5^       of  Progress — an  (H*tavo  vohune  of  38J>  pages-  in  1861. 

In  this  report  he  called  attention  to  the  futility  of 
efforts  then  being  made  to  produce  salt  in  the  vicinity  of  Grand 
Rapids,  and  fully  anticipated  the  development  of  the  siune  industry  in 
the  Saginaw  Valley,  his  explorations  enabling  him  to  hx'ate  the  sjilt 
l>eds  at  a  depth  of  050  feet.  Attention  was  given,  also,  to  the  cKicur- 
rence  of  gypsum,  coal,  iron,  and  other  economic  products  and  to  the 
geographical  distribution  of  ro<*ks  l)elonging  to  the  various  fonnations 
throughout  the  State. 

The  so-called  Marshall  sandstone  (I^ower  Carboniferous)  he  regarded 
on  paleontological  gn)unds  as  lying  alK)ve  the  Hamilton  group.  He 
found  evidence  which  led  him  to  conclude  that  the  Ohio  and  Michigan 
eoal  basins  were  never  continuous,  as  had  been  heretofore  asserted, 
and,  indeed,  that  the  geological  colunm  in  the  latter  State  had  been 
built  up  quite  distinct  and  independently  from  that  in  adjacent 
regions.  He  could  find  no  parallelism  l)etween  the  Carboniferous 
limestones  and  those  lying  farther  to  the  west,  and  all  the  evidence 
indicated  to  him  that  these  deposits  wei'e  laid  down  in  an  isolated 
Imsin  cut  off  from  that  of  Ohio  to  the  south  throughout  the  entire 
period  from  the  HelderlM»rg  to  that  of  the  drift.  In  consecjuence  of 
the  outbreak  of  the  civil  war  no  appropriations  wore  made  for  the 
continuation  of  the  survev  after  1S61. 

Winchell  was  lK>rn  in  the  town  of  Northeast.  Dutchess  v'ountv.  New 
York,  in  1824,  and  graduated  at  Wesleyan  Tniversity,  Middletown, 
Connecticut,  in  1847.     His  scientific  tendencies  are  said  to  have  mani- 

fest4»d  themselves  at  a  v<»ry  early  age,  although  he 
Sketch  •!  wiacbcfl.    showed  no  marked  preference  for  any  branch  of  study, 

unless  it  was  toward  mathematics,  in  which  pursuit  he 
si^ems  to  have  been  little  short  of  prec<H'ious.  Innnediately  aft4»r  grad- 
uating he  ent4*red  u|)on  a  cart»er  of  tem'hingand  lecturing,  which  k<'pt 
him  prominently  lM»fore  the  public  for  ovt»r  forty  years. 

His  tiPHt  public  geological  lectures  were  given  at  IVnnington  Si»mi- 
iiary  in  1H4H.  In  1x50  he  assumed  rharg<»  of  an  at^ademy  at  NewlH»rn, 
Alaliama^  but  Hnding  the  conditions  were  not  what  h(*  had  U'en  led  to 
expect,  he  resigned,  and  in  the  spring  of  1851  opiMied  the  Meso}X)ta- 
mia  Female  Seminary  at  Eutaw,  in  the  sanu*  State.  Finding,  however, 
that  he  was  illy  adapted  to  th<»  suc<-essful  management  of  a  Southern 
female  institution,  he  gave  up  this  |>ositionto  atvept  the  presidency  of 
the  Masonic  rniversity  at  S<>lma,  Alabama.  While  t»ngaged  in  the 
w<irk  of  presenting  the  claims  of  this  university  U^fore  the  iHH)ple  in 
the  southern  |)art  of  the  State,  he  made  extensive*  geologiail  t4)urs 
thnmghout  the  n^gion  and  brought  tog(*tlier  large  n^llections  in  natural 
hittlory.     In  NovemU»r,  185:5,  he  was  el«H-ted  to  the  chair  of  physics 
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and  civil  engineeriug  in  the  University  of  Michigan,  at  Ann  Arbor,  and 
entered  upon  his  duties  in  January,  1^^54. 

In  1859  he  was  commissioned  by  Governor  Moses  Wisner,  of  Mich- 
igan, as  State  geologist,  as  above  noted,  holding  the  position  for  two 
y(»ars,  when  the  survey  was  abolished  through  failure  on  the  part  of 
the  legislature  to  mak(»  proper  provisions  for  its  continuance.  Ho 
issued  while  holding  this  office  one  Report  of  Progress,  an  o<»tavo  vol- 
ume of  339  pages,  published  in  August,  18(U.  In  1S69  the  survey  was 
reorganized  and  Winchell  again  appointed  director,  he  assuming  for 
himself  the  personal  investigation  of  the  lower  peninsula.  His  rejK)rt, 
a  small  octavo  volume  of  <>4  pages,  appeared  in  1871,  the  previous 
report  on  the  (irand  Traverse  region,  a  work  of  97  octavo  pages,  hav- 
ing appeared  in  1S(W>. 

Owing  to  hostility  over  the  management  of  the  survey,  which  had 
been  aroused  in  the  legislature  by  personal  enemies  of  Winchell,  it 
appeared  likely  that  the  appropriations  for  carrying  on  the  survey 
would  fail.     Hence  he  resigned  the  position  in  1871. 

In  1873  Winchell  resigned  also  his  professorship  at  the  University 
of  Michigan,  accepting  the  position  of  chancellor  of  S3'i*acuse  Univer- 
sity, which  he  held,  however,  only  until  June,  1875.  In  this  latter 
y(»ar  he  was  otfered  the  professorship  of  geology,  zoology,  and  botany 
in  Vanderbilt  University,  at  Nashville,  Tennessee,  but  did  not  see  tit 
to  accept,  although  he  did  subsequently  fill  a  three  months'  engage- 
ment there.  In  May,  1878,  he  took  final  leave  of  the  university,  and  the 
chair  was  abolished,  owing  to  some  foolish  differences  of  opinion  that 
had  arisen  between  himself  and  Bishop  McTyeire,  who  took  exception 
to  Wincheirs  stand  in  reference  to  pre- Adamites  and  evolution. 

In  June,  ls7i>,  Winchell  was  again  called  to  Ann  Arlx)r,  l)eing 
offered  the  chair  of  geology  and  paleontology  in  the  State  University. 
This  position  he  accej)ted  and  continued  to  hold  until  the  time  of  his 
death.  In  March,  1SS7,  he  was  offered  the  position  of  State  geologist 
of  Arkansas,  but  refused. 

WinchclTs  work  as  a  geologist,  as  may  be  readily  imagined  from 
this  sketch,  was  of  a  more  or  less  fragmentary  nature,  and  it  is  as  a 
teacher,  public  lectunM",  and  writer  on  scientific^  subjects  that  he  is 
f)est  known.  The  advanced  stand  which  he  took  n»garding  evolution 
brought  him  in  conflict  with  the  religious  element,  particularly  at 
Vanderbilt  I'liiveisitv.  as  ahead v  referred  to. 

\Vinchcll  was  for  a  time  connected  with  the  Minnesota  geological 
survey.  He  was  one  of  the  original  promoters  of  the  American 
(Geologist  and  the  (ieological  Society  of  America.  As  stated  by  his 
biographer: 

His  larjrest  e«liirati<»iial  licl<l,  liowcvcr.  was  tlu*  pnhlic  platform.  Hert'  he  was 
under  no  constraint  by  n-ascm  nt  yuntlitnl  aiulitors.  No  limits  wtTv  st't  to  hip  rhajH 
s<Mli<'  Hcientilic  eloqiicnct';  no  cnurteous  regard  lur  t lie  amenities  of  |)osf*ihle  profes- 
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mirial  etiquette  hami»ered  the  fret;  flow  of  his  oriticism,  or  the  exultant  pn>phei-y  of 
the  !)etterment**  of  the  future.  *  *  ♦  Himnelf  a  working  geologist  in  the  field, 
he  wan  well  ac*(|uainte<l  with  geological  inethotln.  A  teaching  geologist  in  the  uni- 
verHity,  he  wa«  skillful  in  imparting  his  own  knowledge  and  in  training  others  to 
hahiti^  of  observation  and  inv»»stigation. 

As  II  writ4^r  of  books  Winchell  will  he  roiiieinl>ered  for  his  Sketches 
<if  Creation,  IH70:  the  Doetriiie  of  Kvohitiori,  1S74:  IVe-Adaniites, 
isso;  Simrks  from  a  (f4M)logist's  Hammer,  18S1;  World  Life,  1888, 
and  hirt  text-l)ook,  Klements  of  (leolojify,  issfi.  Of  these  his  work  on 
World  Life  is  undoubtedly  tin*  one  showinjj;  the  greatest  amount  of 
research  and  thought,  and  was  at  that  time  prol)a))ly  the  only  one  in 
the  English  lanj^uajr^*-  covering  in  a  systematic  manner  the  entire  field 
of  world  history. 

In  1859  I),  n.  Owen  had,  for  the*  second  time,  ac<M»pted  an  ap|K)int- 
ment  as  Stat4»  ideologist  of  Indiana,  but  with  the  stipulation  that,  until 
his  surveys  in  A  rkansivs  and  Kentu<*ky ,  upon  which  he  was  then  eng^aged, 

were  completed,  most  of  the  field  work  should  be  wr- 

Work  of  D.  D.  and  i    •        i  .      •  i  i*.    i         t         r^     '  i 

Richard  Owen  la        foruHHl  bv  his  brother  Kichard.     Owmef,  however,  tx) 

ladUna.  1859-1862.     .^  ..  •         ,     .         ,    .  ,  ,     -   ,•       ,      ■, 

DcM'tor  ()w<»n  sdeath  in  18(>0.  the  w<»rk  fell  wliolly  upon 
the  brother,  who  succeeded  him  in  tln»  office  of  State  geologist. 

The  results  of  the  survey  are  comprised  in  an  octavo  volume  of  HtH 
|>ages,  issmnl  in  isO'i.  Like  other  of  this  author's  writings,  it  is  prolix 
and  uninteresting,  differing  in  this  resj)ect  in  a  marked  degree  from 
those  of  David  Dale. 

The  im|)ortance  of  fossils  was  n»cogniz<»d,  and  it  was  set  down  a^  an 
••  unipiestioned  truth  that  a  certain  vertical  mnge  or  ascertained  thick- 
ness of  fossiliferous  rock  is  chanictc»rized  by  the  organic  remains  of 
plants  and  animals,  differing  more  or  less  from  the  plant>  and  animals  in 
the  nH'ksaliove  as  well  as  those  in  the  rocks  Inflow  the  given  layers  or 
strata."  The  rocks  of  the  State  were  all  classified  under:  (1)  Lower 
Silurian:  {2}  Tpp^^r  Silurian:  (:^)  Devonian:  (4)  SulH*arlM)niferous; 
(5)  C\ml  Measures,  and  (♦>)  the  Drift  or  Quaternary.  Sonn»  25  pages 
were  given  up  to  soil  analyses  by  Kol)ert  IN»ter,  and  70  to  a  rej)ort  on 
the  Distribution  of  the  (Jeologii'al  Strata  in  the  C'oal  Measures  of  the 
State,  by  Leo  Ix*squereux 

No  ina|>s  or  sections  ac<*oinpanitMl  the  reiH)rt,  which,  as  a  whole,  is 
singularly  lacking  in  interesting  or  instriu-tive  matter.  J.  I^»sley 
nerved  as  topographer. 

With  the  outbreak  of  the  civil  war  Owen  ivsigncil  to  take  connuand 
of  a  coni|)any  of  vohuiteers,  and  this,  the  third  attempt  at  a  geological 
>urvev  of  Indiana,  cam<*  to  an  t*nd. 

» 

Prevailing  ideas  regarding  conditions  of  sedimentation  have  In^en  fre- 
quently n»ferre<l  to  in  thes(»  jmges,  but  with  more  particular  reference  to 
the  position  of  the  mm  fI<K>r  —  wlu'ther  inclined  or  horizontal  —upon  which 
the  sediujentary  ImhIs  were  d<*|Kisite<l.  A  new  phase  of  the  ({uestion 
w»«  brought  to  light  during  a  discUMsion  lietween  W.  B.  Kogc»rs  and 
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Louis  Aj<H8siz  at  tln»  iiHM'tin^of  the  Boston  Soc*N»ty  of  Natui^al  History^ 
March  21,  lS#3(i 

Rogers  argiH^d  that  the  strata  between  Lake  Ontario  and  the  Penn- 
sylvania coal  region  were  deposited  on  gradually  subsiding  sea  bot- 
ideM of  Roffere  and  ^^^^'  C)"  ^^^^  supposition  ooly  could  he  a<*count  for 
suMdenceand  ^^^  relative  position  of  the  beds  and  their  ver}-  great 

Deposition.  I860.  thickness.  Had  thev  been  formed  as  arijfued  bv  some 
on  a  gradually  rising  sea  bottom,  the  older  de|)osits  would  crop  out 
at  the  hiirher  levels  and  th<*  successively  later  ones  at  lower  levels. 
Agassiz,  on  the  other  hand,  maintained  that  there  was  no  subsidence 
during  the  disposition  of  the  New  York  strata,  and  that  the  facias  indi- 
cated just  the  reverse,  i.  e.,  an  upheaval.  During  the  upheaval,  he 
argued,  the  level  of  the  sea  might  be  actualh^  less,  from  the  contraction 
of  tlu'  earth  while  cooling,  but  in  consetjuence  of  this  continuation  the 
ocean  would  always  remain  at  a  certain  depth,  sufficient  for  the  dej>o- 
sition  of  the  thousands  of  feet  of  strata.  The  study  of  the  fossils  he 
argued  was  also  opposed  to  the  theory  of  subsidence  and  denudation, 
since  those  of  the  Primarv  were  never  found  carried  into  the  Secondary 
beds. 

At  the  April  4  meeting  the  discussion  was  resumed,  when  Rogers 
took  the  ground  that  an  assumption  of  an  upward  movement  of  the  .sea 
bottom  carried  with  it  the  admission  of  an  original  depth  so  enormous 
as  to  be  incompatible  with  the  accumulation  of  the  material  of  the 
earlier  strata,  unless,  indeed,  the  stnita  were  supposed  to  l)e  formed 
exclusively  within  a  moderate  distance  of  the  shore. 

\\v  iiii^ht  imafriiie  a  si^rios  ot  strata  t<»  hv  HUccesHivoly  laid  down  in  a  geutle  i*U)pe 
approximately  paraih'I  to  that  of  tlu'  ancient  w^a  })()ttoin,  caeh  terminating  against 
this  snrfaie  withont  In'in^  continued  into  t!ie  profounder  depths  Ix'vond,  an<l  we 
might  suppose  the  tl<jor  to  Ix*  rising  in  the  region  of  this  accumulation  at  such  a  rate 
as  to  hring  succes**ive  tracts,  farther  and  farther  from  the  ancient  shore  line,  within 
limits  of  depth  admitting  of  mechanical  and  organic  deposition;  but  in  such  circuni- 
stance,«  of  formation  these  earlier  strata,  instead  of  extending,  as  they  are  lx?lieve<l  to 
do,  almost  continuously  over  the  whole  ocean  Moor,  would  be  seen  to  determinate  at 
no  great  distance  from  the  original  shore  line,  but  abutting  against  the  l>ottom  at  the 
places  where  the  depth  had  set  a  limit  to  their  accumulation. 

No  hypothesis  of  a  secular  rising  of  the  sea  bottom,  he  therefore 
argued,  could  explain  the  formation  of  the  Appalachian  Paleozoic 
deix)sit.  They  indicated,  rather,  a  long  period  of  subsidence  of  the 
oc(*an  floor,  varied  In*  many  and  long  pauses  of  upward  oscillations. 

Agassiz,  in  reply,  admitted  the*  probable  shallowness  of  the  ocean  in 
which  the  strata  were  deposited,  and  that  (luring  a  local  upheaval  of 
the  shore,  the  whole  sea  bottom  was  probably  subsiding,  the  subsidence 
being  due  to  shrinkage,  caused  by  the  cooling  of  the  earth's  crust. 
This  view  was  accepted  ))y  Rogers  as  amounting  to  a  virtual  disclaim- 
ing of  the  theory  as  advanced. 

The  removal  of  B.  F.  Shumard  as  State  geologist  of  Texas  in  I860, 
as  noti^d  on  page  4S7,  was  immediately  followed  by  the  appointment  of 
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his  succe8Sor,  Dr.  Franciis  Moore,  ''an  honorable  and  cultured  gentle- 
man of  much  executive  ability,"  a  one-time  newspaper 


BacUeyio TczM,      editor,  but,  SO  far  as  can  be  learned,  never  a  ^eolo^ist.^ 

In  April,  1861,  the  survey  was,  however,  suspended 
by  an  act  of  the  legislature,  and  l)oth  Shumard  and  Moore  requested 
to  report  on  what  had  been  accomplished.  With  this  re<juest  neither 
party  complied,  Shumard  going  immediately  to  St.  Louis,  where  be 
dieil  in  1869,  and  Do<*tor  Moore  leaving  for  the  north  on  the  outbreak 
of  the  civil  war,  where  he,  too,  died  in  1864. 

The  notes  of  these  short-lived  organizations  s<*em  to  have,  in  f>art 
at  least,  passed  into  the  hands  of  S.  B.  Buckley,  a  botanical  collector 
under  the  ShuH)ard  regime,  who  returned  to  Austin  after  the  close  of 
the  war  and  succeeded  in  having  himself  appointed  State  geologist. 
In  this  capacity  he  is8ue<i  one  report,  l)euring  date  of  1866,  and  com- 
prising some  80  octavo  pages,  dealing  with  generalities  and  matters 
jH*rtaining  to  the  agricultural  resources  of  the  State,  but  containing 
little  or  nothing  of  geological  value  and  but  few  refei-ences  to  what 
liad  l)een  done  by  his  predecessors.  Buckley's  jH»riod  of  rule  was  short, 
coming  to  an  end  in  1867. 

No  attempt  at  resus<*itation  was  made  until  187<>,  when  the  governor, 
under  authority  from  the  legislature,  appointed  John  W.  Glenn  State 
g<M)logist.  (flenn,  however,  found  the  j)osition  uncongenial  and 
J.  w.Otoaa  resigned  the  following  year,  to  I >e  succeeded  in  1H74 

SIStofff n^T?^  -      bv  Bucklev  once  more.     Th<»  latter  held  the  ottiiM'  but 


'*^®*  two  years,  when  the  governor,  becoming  convince<l 

(truthfully,  it  is  to  be  feared)  that  the  survey  promised  to  l>e  of  no 
practicral  benefit  to  the  State,  vetoiHl  the  bill  appropriating  moneys 
for  its  continuation. 

During  this  second  term  of  office  Buckley  issued  two  reports,  under 
dates  of  1874  and  1876,  respectively,  comprising  altogether  some  220 
page^.  The  first  contained  a  brief  history  of  t\w  past  surveys  of  the 
State  and  a  somewhat   partisan  account  of  an  unhappy  disagreement 

My  dkak  M.:  Your  kiihl  lHt<»r  rwu-he^l  Austin  during  my  al)H«*n«v  fnmi  hoiii<*,  aii<l 
I  thank  voiiforvour  frierullv  w<»nlH.  I  n'tiiriKxl  v»»Htorfiav  fnmi  tin*  In<lian  foiintrv, 
«n<l  only  then  f<mn«l  I  lia<l  U'en  HU|H>nH'<l(Ml  l»y  l)(H'tor  M<H»n'  in  ttio  olticc  I  liold. 
ll(Hit*t4in  \\m\  not  even  intiiiiaU*^!  t4)  ww  that  he  iiiti*ii(UHl  mv  n'lnoval.  So  far  an  1 
4*an  l<«ani.  the  a^iion  of  the  ^ownior  han  raiirMnl  universal  tlis^ati^fartion.  I  am  not 
ev«-ti  |ieniiitte<!  to  make  out  my  own  n'|M»rts  of  mon'  than  two  yraix'  hanl  lalxir.  I 
un4lei>tan<l  that  my  removal  has  l)e<Mi  l»ron^ht  aUuit  mainly  through  teHtimonialn 
fiif7iu*h«*<l  M<N»n*  hv  II.  ami  II. 

If  I  luul  hail  timely  notii'e,  m\  that  f  <'«>ul«l  have  writtvn  my  i>*]H>rt,  1  nhcMild  not 
h«ve  eared  ho  niueh,  hut  to  U*  «lei)riv«»<l  of  that  privilejje  in  df»in);  me  jrreat  injuHticv. 

I  have  n«»t  ina^ie  any  planf*  f«»r  the  futiin*.  When  1  have  a  little  more  leinure  1 
villi  write  you  aftain.  and  then  may  fiimiHh  yon  with  M»mt*  )^M)l(»^y  that  may  inter- 
t^t  vou. 

In  haMe,  yuor  irustui,  B.  V.  >HrMAKi>. 
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which  existed  between  Shumard  and  himself.  Both  the  statements 
made  and  the  manner  in  which  they  are  presented  are  such  as  to  prej- 
udice the  unbiased  reader  a^inst  Mr.  Buckle3%  and  this  in  particular 
when  one  reflects  that  there  was  no  apparent  occasion  for  the  publica- 
tion in  an  official  report  of  matters  of  this  nature.  Buckle^^  was 
replied  to  vigorously  by  A.  R.  Roessler,  who  had  also  been  one  of 
Shumard's  assistants. 

The  main  portion  of  both  reports  was  given  up  to  a  discussion  of 
economic  problems,  and  little  that  was  new  geologically  appeared. 
He  noted  the  eruptive  nature  of  Pilot  Knob,  but  was  unable  to  deter- 
mine whether  the  period  of  eruption  antedated  the  Cretaceous  or  not. 
Much  space  was  devoted  to  a  discussion  of  soils  and  crops,  together 
with  not^s  on  the  fauna  and  flora. 

In  his  I'eport  on  the  geology  of  Massachusetts  (1838),  and  again  in 
1885  and  1841,  Dr.  Edward  Hitchcock  called  attention  to  the  flattening 
and  distortion  of  pebbles  in  a  conglomerate  near  Newport,  Rhode  Island, 
Hitchcock's viewton  ^^  already  noted.  As  time  went  on  the  importance 
of  Coni^ioiii^  ^^  *^^  subject,  particularly  in  the  light  of  subsequent 

*®^^*  discoveries,  seems  to  have  grown  upon  him,  and  in  a 

paper  in  the  American  Journal  of  Science  for  18()1,  and  in  his  reports 
on  the  geology  of  Vermont  for  that  same  year,  the  ground  is  gone  over 
in  great  detail  and  his  gradually  expanding  views  fully  elaborated. 

In  his  report  of  1833  the  conglomerates  w(»re  described  as  composed 
of  elongjit-i'd  rounded  nodules  of  <|uartz  rock  |)as.sing  into  mica  slate, 
with  a  cemcMit  of  tah-ose  slate,  all  with  their  longest  diameters  uni- 
formly psinill(»l,  tJH'  (Mitirc  mass,  pebbles  and  all,  IxMng  divided  hy 
fissures  as  perfect  as  if  **cut  through  by  the  sword  of  some  Titan.' 
Later,  while  engaged  in  the  work  of  the  Vermont  surv<\v,  he  found 
analogous  conglomerates  along  nearly  the  whole  western  side  <»f  the 
Green  Mountiins,  and  in  1851K  in  company  with  his  son,  C  H.  Hitch- 
cock, he  again  visited  the  Newport  lociUity  in  search  of  facts  to  aid 
him  in  solving  the  VcMinont  ])roMeni.  His  results  weie  given  In^fon' 
the  American  Association  for  the  Advancement  of  Sci(»nce  that  sani<' 
year,  and  the  subject  again  ])rought  before  the  Association  by  C\  H. 
Hitchcock  in  18()0. 

The  facts  brought  out  and  presented  showed  the  pebbles  to  })e  (1) 
much  elongated  in  the  direction  of  the  strike  of  the  beds;  (2)  that, 
while  flattened,  this   feature  was  not  so  striking  as  their  elongation: 

(3)  that  they  were  often  indented  by  on(»  )>eing  pn\ssed  into  another: 

(4)  that  they  w<M'e  often  lient.  sometimes  in  two  directions;  and  (."►) 
that  they  w<M'e  cut  aeross  by  parallel  joints,  or  fissures,  at  interval.'* 
of  from  a  few  inches  to  many  feet.  These  facts  led  him  to  coijclude 
that  (1)  the  rock  had  once  l)een  a  conglomerate  of  the  usual  charac»ter, 
and  had  undergone  a  metamorphosis  wherebv  the  cementing  material 
had  become  crystalline  and  schistose  and  the  pebbles  elongated,  and 
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(2)  the  pebhleH  tbomueli'es  luid  been  in  a  more  or  lesH  plastic  state: 
otherwise  any  attempt  »t  change  in  form  would  result  only  in  fnM-- 
ture  and  comminution.  The  clean  manner  in  which  the  pebbles  were 
cut  by  joints  was  tbouglit  also  to  indicate  a  condition  of  plasticity. 
The  flatteninff  and  distorting  force  was  thuught  to  have  operated  later- 
ally, and  the  jointing  regarded  as  due  to  some  polarizing  force  acting 
upon  soft  materials,  a  simple  inspection  of  the  rotrk  in  place  l>eing  suf- 
ficient to  satisfy  anyone  that  no  mechanical  agency  would  alone  be 
sufficient  to  produce  the  phenomena.  Applying  the  same  method  of 
reasoning  t«  the  conglomerates  of  Vermont,  he  came  to  the  conclusion 
that  these,  too,  had  undergone  metamorphism,  giving  risp  to  .schists 
and  gneiss,  and  that,  indeed,  granites  and  syenites  might  result  from 
the  metamorphism  of  stratititnl  roiks.  The  chemical  details  as  worked 
out  would  naturally  not  hold  in  their  entirety  to-day,  and  <)f  course 
the  idea  of  a  jwlarizing  f<irco  would  be  no  longer  Meriously  considered; 
hut  the  fact  remains  that  this  jMipcr,  its  a 
whole,  marks  a  long  stride  in  fwlvance  along 
the  line  of  metamorphism,  and  for  its  time 
was  comjiarable  in  its  imjK>rtanci>  with  llie 
later  work  of  Ijehmann  on  the  crystalline 
schists  of  Saxony." 

By  an  act  of  the  legislature  approved 
March  Iti.  l^tll.  Kzekiel  Holmes,  of  Win- 
lhn>p.  Maine.  Was  couimissinni<<l,  under  the 
ilirection  of    the   iHiard  of  agnmllure.    lo 

^ _„_ make  a  scientific  survrv  of 

the  State.  ('.  11.  Ilil.-h- 
cock.thenofAmlierst.Mas- 
.■4u:husetts,and  a  son  of  Dr.  Kdward  Hitch- 
cock, was  conunissionetl  geologist,  while 
George  L.  (Io<Mlale  served  as  ImlanisI  and 
mineraloj^st,  A.  S.  Packant.  jr..  as  enlom< 
an  marine  z<M>logist.  Others,  in<-ludirig<i.  1.. 
rendered  aHsistance  at  various  timt-s. 

Two  brief  seasons  wi-n^  devoted  to  Held  work,  tlu'  risult.s  of  which 
appeared  in  the  re|«»rts  of  the  Ixiard  of  agriculture  for  isiil-tiii,  the 
strictly  geological  ]Kirtioiis  U>iiig  limited  In  some  six  hundn-d  and  odd 
IMgea.  The  w(»rk  done  under  tlic-c  londition*  was  iii'(cs,snnly  souic 
wliatdiM'onni'ctt-d.     Nortliern  Miiim-  was  still  pni<tically  a  wilderness: 


IM1h|3. 


I'hemist,  ('.  Houghton  as 
plogist.  an<l  C.  M.  Fuller 
VoscandDr.  N.  T.True, 


"  The  tnitiin-t  wax  in  IHtiKaKuin  uk>'i>  ii|< 
\mivtl  oil  a  rtif  ly  of  iimkcli'iiifrahi'  in  tlir  i  i< 
n>namuibir>'  »f  tli'-w-  of  Hit-  llililin-ks. 
the  pftililwi  a*  having  Ni'ii  in  n  |iliu>ti<'  i-iii 
thai  IukI  tlifn-  |nvv»il"i  rii(i<[  jb-MjIi-.  mi 
dcKritml- 


•r.,f,  (i.  I..  V.w,  wti.«.  ,-,.nrl,iH..n>'. 
•■  of  llic  KiiMtP'li-y  I jiki'H,  HiTi-  liiriii-li 
111.-  not,  lioBi'vi-r,  iliKiBwl  to  niwrti 
II  n.nt.'n.U-l  llml  n.xl.r  the  fontr 
N-  U-nl  hikI  tliiKt-iK-l  in  lli.-  tiiHniii'r 
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there  were  no  maps  and  absolutely  no  railroads.  A  geological  map  in 
black  and  white  was,  however,  prepared  of  the  region  north  of  Calais 
and  the  45th  parallel,  and  also  one  of  the  eastern  portion  of  the  State 
included  between  St.  George  and  Belfast. 

The  fossiliferous  rocks  were  noted  as  mostly  Paleozoic  and  probably 
all  lying  below  the  Carboniferous  series.  The  red  sandstone  of  Perr}, 
the  problematic  horizon  of  which  had  been  discussed  by  Jackson  and 
others,  as  previously  noted  in  these  pages,  was  regarded  as  ''indis- 
putably Devonian,-'  this  statement  being  based  upon  expressed  opin- 
ions of  Jackson,  Rogers,  Newberry,  and  Dawson.  It  was  noted  that 
the  fossiliferous  marine  clays,  which  were  regarded  as  of  the  same  age 
as  the  similar  deposits  along  the  St.  Lawrence  and  the  Champlain  val- 
leys and  referable  to  the  Terrace  period,  sometimes  underlay  a  coarse 
deposit  referable  to  the  unmodified  drift.  Without  committing  him- 
self definitely  on  this  point,  Hitchcock  suggested  the  possibility,  there- 
fore, of  a  recurrence  of  the  drift  agencies — that  is,  a  i:)eriod  of  second 
drift.  This,  so  far  as  the  present  writer  has  information,  is  the  first 
suggestion  by  an  American  of  such  a  possibility.  It  seems,  however, 
to  have  been  quite  lost  sight  of.  (See  also  remarks  of  Edward  Hitch- 
cock, p.  462.) 

The  drift  period  itself,  according  to  Hitchcock's  view,  was  inaugu- 
rated by  depression  of  this  portion  of  the  continent  amounting  to  at 
least  5,000  feet  l>elow  that  of  to-day.  Subsequently  the  continent  rose 
again  gradually  to  its  pn^sent  altitude.  It  was  during  this  period  of 
depression  and  elevation  that  the  drift  deposits  were  formed  through 
the  conjoined  agency  of  icebergs  and  glaciers.  The  various  forms  of 
modified  drift  he  thought  to  have  been  produced  largely  by  the  aid  of 
rivers  and  moving  currents  of  water.  These  views  were  those  very 
gene  ml  ly  held  at  that  date,  though,  natunilly.  they  have  been  some- 
what modified  since. 

The  (juartz  rock  in  the  vicinity  of  Rockland,  Thomaston,  and  Canv 
den  was  regarded  as  belonging  to  the  Taconic  period  of  Emmons,  and 
the  associated  limestones  were  looked  upon  as  conti»mporaneous  with 
the  Stockbridge  limestones  of  Emmons  or,  what  is  the  same  thing,  the 
.Eolian  limestones  of  the  elder  Hitchcock. 

Dr.  J.  S.  Xewlx^rry,  in  Notes  on  the  Surface  Geology  of  the  Basin 
of  the  Great  Lakes,  after  a  review  of  the  surface  conditions  as  he  saw 
them,  came  to  the  conclusion  that  at  a  period  corresponding  in  cli- 
mate, if  not  in  time,  with  the  Glacial  epoch  of  the  Old 
ofi^^ation'l862  ^^  <^'*l^9  ^^c  lake  rcgiou  in  common  with  all  the  north- 
ern portion  of  the  American  Continent  was  raised 
several  thousand  feet  above  the  level  of  the  sea.  This  was  the  '' gla- 
cial period,"  during  which  the  surface  of  the  country  was  planed 
down  and  the  deep  fiords  along  the  Atlantic  coast  formed.  This  was 
followed  by  a  period  of  depression,  when  all   the  basin  of  the  Great 
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Lakes  was  flooded  with  fresh  water,  forming  a  vast  inland  sea,  in 
which  the  laminated  blue  clays,  the  ''oldest  of  our  drift  deposits/' 
were  precipitated.  Subsequent  to  this  deposit  of  blue  clays  "an 
immense  quantity  of  gravel  and  bowlders  was  transported  from  the 
region  north  of  the  Great  Ijakes  and  scattered  over  a  wide  area  south  of 
them."  This  was  due  to  floating  ice  and  icebergs.  The  lake  ridges 
(ancient  beaches),  described  by  Whittlesey,  Newberr\'  regarded  as 
evidence  that  the  water  of  the  lakes  remained  for  considerable  inter- 
vals much  higher  than  at  present.  These  are  practically  the  same 
views  announced  before  the  New  York  Lyceum  in  1870  (p.  545). 

In  May,  1862,  J.  P.  Lesley  read  a  paper  before  the  American  Philo- 
sophical Society  describing  the  structure  of  the  Allegheny  Mountains, 
in  which  he  assumed  that  the  rocks  of  the  Blue  Kidge  Range,  on  the 

eastern  side  of  the  valley,  were  a  prolongation  of  the 
sSiSwririwS!**"   Green  Mountains  of  Vermont,  and  consisted,  therefore, 

of  the  Quebec  group,  or  Taconic  System.  In  this  he 
followed  the  Rogers  Brothers,  as  he  acknowledged.  He  accounted 
for  the  change  in  the  drainage,  as  exhibitc»d  by  the  New  River,  which 
breaks  into  the  Appalachians,  as  due  to  a  structural  change  in  the 
geology,  most  of  the  mount^iin  valleys  north  of  this  being  unbroken 
anticlines  and  synclines,  while  most  of  those  south  of  it  are  monoclines 
bounded  by  immense  faults  or  downthrows.  The  Appalachians  of 
southern  Virginia  and  eastern  Tennessee  are  grouped  in  pairs  by  faults, 
the  fracturing  being  in  parallel  strips  from  5  to  t)  miles  wide,  each 
strip  being  tilted  easterly  so  that  the  upper  edge  of  one  strip,  with  its 
Carboniferous  rocks,  abuts  against  the  bottom  or  Lower  Silurian  edge 
of  the  strip  next  to  it.  The  Paleozoic  zone,  therefore,  included 
between  the  Great  Valley  and  the  backl)one  escarpment,  is  occupied 
by  as  many  pairs  of  parallel  mountains  as  there  are  parallel  faults,  and 
as  these  faults  lie  in  straight  lines  at  nearly  equal  distances  from  one 
another  the  mountain  ranges  run  with  great  uniformity  side  by  side 
for  100  or  200  miles  until  cut  off  by  cross  faults,  or  by  change  in  the 
courses  of  the  principal  faults. 

In  a  paper  before  the  American  Philosophical  Society  the  year  fol- 
lowing on  a  '*  remarkable  coal  mine  or  asphalt  vein  in 

litJuiTlrii^fnTj^  ^'^^  ^-^'  Measures  of  WcKxi  County,  (West)  Virginia," 

Lesley  was  le<l  into  a  discussion  of  uplift  and  erosion, 
and  expressed  sundry  ideas  worthy  of  note. 

Assuming  that  the  valley  cutting  through  this  mine  was  one  of  ero- 
sion and  had  been  carved  out  since  the  vein  was  tilled,  I^\slt»y  .s|M»culated 
on  the  time  and  causes  of  erosion  and  incidentally  on  the  chanicter  of 
the  original  uplift.  He  rejected  the  idea  of  catiu'lysmic  erosion  dating 
back  to  the  time  of  the  uplift,  as  he  did  also  that  of  the  MMularists, 
who  r^pird  the  present  face  of  the  countrj-  as  but  the  laU\st  phase  of 
VAT  utrn  1901 33 
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an  infinite  series  of  oceanic  degradations,  beginning  with  the  uplift  and 
still  in  progress.  Instead,  he  adopted  the  supposition  of  a  succession 
of  denuding  actions  of  unknown  force  and  indefinite  number.  "A 
homogeneous  element  with  sufficient  force,  acting  either  by  one  or  bv 
repeated  blows,"  would  bring  about  the  present  condition  of  affairs. 

No  one  will  deny  that  water,  if  obtained  in  sufficient  quantity  at  a  sufficient  vekx- 
ity,  would  be  such  an  agent.  In  the  acknowledged  instability  of  the  crust  of. the 
earth,  in  its  acknowledged  less  stability  in  ancient  times  than  now,  we  find  the  po^ 
sibility,  nay,  we  feel  the  certainty,  that  the  oceans  have  at  times  been  Iaunche<l 
across  the  continents,  and  we  need  nothing  more  to  satisfy  all  the  conditions  for  an 
explanation  of  Appalachian  topography. 

One  great  obstacle,  Lesley  thought,  in  the  way  of  topographical 
science  among  geologists — 

has  been  an  innocent  ignorance  of  the  titanic  postulates  upon  the  ground,  and  there- 
fore an  inability  to  reconstruct  in  imagination  the  awful  vaults  of  rock  which  have 
been  removed  from  over  at  least  50,000  square  miles  of  the  surface  of  the  United 
States  merely  along  the  one  belt  of  the  Appalachian  Mountains,  between  the  coal 
area  and  the  Blue  Ridge  range. 

However  this  may  have  been,  Lesley  himself  could  not  be  accused 
of  any  such  innocent  ignorance  and  consequent  impotency  of  imagina- 
tion. Thus,  when  speculating  on  the  character  of  the  folds  of  the 
Appalachians,  as  controlled  by  the  roughness  of  the  old  surface  of  the 
more  or  less  disturbed  and  eroded  sedimentaries  and  the  thinness  of 
the  newer  formations,  whereby  there  was  a  tendency  for  more  or  le^ss 
hitch  and  catch  below  and  cnick  and  shove  above,  he  showed  that  such 
features  were  here  reduced  to  a  minimum,  and  hence  probably  the  high 
anticlines  were  unbroken  at  the  crest. 

As  a  whole,  thf  plicating  energy  must  have  acted  with  a  steady  evennes.s  of  thni:it, 
which  carried  up  the  antii'liiial  waveis  of  the  cnist  unbroken,  and  in  some  (^*h»s  to  a 
height  of  between  5  and  10  miles  above  the  present  surface  level. 

Truly  a  strange  admixture  of  views.  As  a  modern  catiistrophist  he 
was  ecjualed  only  by  Clarence  King. 

It  was  the  opinion  of  Rogers,  it  will  be  remembered,  that  the  groat 
amount  of  erosion  which  had  manifestl}'  taken  place  in  the  Pennsyl- 
vania Appalachians  was  cat^iclysmic,  the  consequence  of  a  great  rush 
of  waters  or  })odv  of  water  over  the  face  of  the  continent  at  the  time 
when  the  coal  era  was  about  to  be  terminated  })y  the  upheaval  of  the 
whole  Appalachian  })elt  of  earth  crust,  when  it  was  thrown  into  waves 
or  folds.  Lesley  at  first  accepted  this  view  and  even  as  late  a.^  lsf>4 
confessed  himself  as  not  entirelv  convinced  that  such  a  cataclvsni  was 
not  necessary  in  order  ''to  explain  the  earlier  and  perliaps  the  larger 
part  of  the  whole  phenomenon.''  Ho  did  not,  however,  accept  Rogers's 
*""  pulsating  planetary  lava-nuclous"  theory  to  account  for  the  primary 
origin  of  the  range,  but  felt  that  the  force  of  lateral  thrust  caused  l*y 
shrinkage  from  a  cooling  globe  l)ett(^r  accounted  for  the  surface  convo- 
lutions as  he  saw  them. 
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In  1860  J.  D.  Whitney  wa8  appointed  State  geologist  of  California  / 
and  served  until  1874,  when  the  survey  was  discontinued.  According 
to  the  original  act,  he  was  required  to  make  an  accurate  and  complete 
.  rt  n^^^  geological  survey  of  the  State  and  to  furnish  a  report 
Snrvev  of  Cidifoniia.  containing  a  full  scientific  description  of  its  rocks,  fos- 
sils, soils,  and  minerals,  and  of  its  botanical  and  zoo- 
logical productions.  W.  H.  Brewer  was  principal  assistant  in  !K)tany 
and  agricultural  geology.  William  Ashburner  in  mining,  and  W.  M. 
Gabb,  paleontologist.  Clarence  King  also  rendered  assistance  in  a 
volunteer  capacity. 

The  results  of  this  survey  are  embodied  in  three  volumes  on  geology 
and  paleontology  published  by  the  State  and  two  volumes  on  the  aurif- 
erous gravels,  published  by  the  Museum  of  Comparative  Zoology  at 
Harvard  after  Whitney's  retirement.  It  was  announced  in  the  state- 
ment of  progress  for  1872-78  that  a  geological  map  of  the  whole  State 
had  been  colored,  but  it  seems  never  to  have  been  published. 

The  first  volume  of  Whitne^^'s  rej)ort  of  progress  and  a  synopsis  of 
field  work  from  1860  to  1864  appeared  in  1865.  This  comprised  a 
small  quarto  volume  of  498  pages.  The  volume  contained  a  great 
amount  of  descriptive  matter  relating  to  the  areal  geology  of  various 
jiarts  of  the  State,  particularly  of  the  Coast  Ranges  and  Sierra 
Nevada,  with  a  chapter  on  the  mining  regions. 

Whitney  decided,  from  the  discovery  of  a  single  shell  in  the  rocks  ^ 
of  Alcatraz  Island,  that  the  so-called  San  Francisco  sandstone  was  of 
undoubted  Cretaceous  age.  The  serpentines  of  Mount  Diablo  and  the 
San  Francisco  peninsula  he  considered  as  metamorphic  sediments 
(sandstone) — a  mistake  which  was  later  re|x?ated  by  Becker  in  his 
volume  on  the  quicksilver  deposits  of  the  Pacific  s1o|h». 

Whitney  was  decidedly  pessimistic  regarding  the  probability  of  the^ 
wcurrence  of  petroleum  on  the  Pacific  coast,  and  unhesitatingly  dis- 
couraged the  promoting  of  ent^M-prises  of  this  nature.     With  reference 
to  the  region  south  of  the  Bay  of  Monterey,  he  wrote: 

A»  th€»  bituiiiinoux  nhales  are  everywhere  tunie<i  up  on  inlge  and  h&xv  no  cover  of 
imper\'iotui  rock,  the  inference  is  unavoidable  that  flowing;  well»*,  or  at  lea«»t  tho«» 
delivering  any  conmderahle  ({uantity  of  li«|uid  jK»troleuin,  can  not  1h*  exiK»cted  to  lie 
iP>i  hy  borinjf  to  any  depth.     The  probahilitiet*,  at  Itiast,  art»  against  it. 

When  one  reflects  that  the  output  of  the  California  fields  in  1H1M# 
amounted  to  2,077,875  barrels,  he  is  led  to  question  the  infallibility  of 
Whitney's  judgment  in  these  matters. 

Whitjiey  ccmsidered  all  thos**  chains  or  ranges  of  mountains  in  Cali- 
fornia to  lielong  to  the  Coast  Itanges  which  had  been  uplifted  since 
thr  de|Misition  of  the  Cretaceous  formation:  those*  which  were  elevated 
lH»f<»re  the  Cretaceous  as  lH»lon^ing  to  tln»  Sierra  N4»vada.  The  slat<»s 
of  the  west4»rn  slo|x»  in  MarijKisji  County  were  regaird«»d  as  of  •luni'^sic 
age,  and  the  Calcan»ous  slates  of  Plumas  Count}'  as  t>elougiug  to  the 
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Triassic.  The  limestones  in  the  Gray  Mountains  had  been  referred  by 
Doctor  Trask  to  the  Carboniferous  formation.  With  this  reference 
Whitney  agreed. 

The  peculiar  dome-shaped  concentric  structure  of  the  granite  in  the 
Sierras  was  dwelt  upon  with  considerable  detail,  and  the  curved  struc- 
ture of  the  sheets  regarded  as  having  been  produced  by  the  contrac- 
tion of  the  material  while  cooling  or  solidifying.  The  Yosemite 
V  Valley  itself  he  thought  to  be  due  to  a  ditferential  movement,  the  half 
dome  seeming  beyond  a  doubt  to  have  been  split  asunder  in  the 
middle,  one-half  having  gone  down  in  w  hat  he  calls  ''  the  wreck  of 
matter  and  the  crush  of  worlds."  In  other  words,  he  regarded  the 
valley  as  due  to  the  downward  drop  of  an  enormous  fault  block. <* 

The  Hrst  volume  of  the  paleontological  reports  appeared  in  1864. 
This  comprised  243  pages,  with  32  full-page  plates  of  fossils,  the  Car- 
boniferous and  Jurassic  being  described  by  F.  B.  Meek,  and  the 
Cretaceous  and  Triassic  by  W.  M.  Gabb.  Concerning  the  work  thus 
far  done,  Whitney  wrote:* 

Perhaps  the  iiioet  striking  result  of  the  survey  is  the  proof  we  have  obtaine<l  of 
the  iunuense  development  of  rocks,  equivalent  in  age  to  the  upper  Trias  of  the  Alps, 
and  i)aleontologically  closely  allied  to  the  limestones  of  Hallstadt  and  Auasee,  and 
the  St.  Cassian  beds,  that  extremely  important  and  highly  fossilliferous  division  of 
the  Alpine  Trias. 

Further  on  he  says: 

Enough  (fossils),  however,  have  been  found  to  justify  the  assertion  that  the  se<li- 
mentary  portion  of  the  great  nietallifenMis  l)elt  of  the  Pacific  coast  of  North  America 
is  cliieHy  nia<le  up  of  rocks  of  Jurassic  and  Triassic  age.  *  *  *  While  we  sljv 
fully  justirted  in  saying  that  a  large  portion  of  the  (mriffTous  rocks  of  California  cunf^M 
of  inetamorphir  Triassic  and  Jurassic  strata^  we  have  not  a  particle  of  evidence  to 
uphold  tlic  theory  *  *  *  that  all  or  even  a  portion  are  older  than  the  CarUm- 
iferous.  *  *  *  We  are  able  to  state  *  *  *  that  this  metal  (gold)  occurs  in 
no  iucoiisi(lcral)le  (juantity  in  metamori)hic  rocks  belonging  as  high  up  in  series  as 
the  Cretaceous.    (P.  261.) 

Sul)sequent  to  this,  apparently^  W.  P.  Blake,  as  geologist  of  the 
California  State  Board  of  Agriculture,  made  a  claim  to  having,  in  1863, 
found  on  the  American  Kiver  a  fossil  ammonite,  which  he  regarded  as 
establishing  the  secondary  age  of  the  gold-bearing  strata.  It  was 
claimed  by  Prof.  \V.  II.  Brewer,  however,  that  Blake  did  not  know 
for  a  certjiinty  if  the  specimen  was  found  in  place  or,  indeed,  if  it 
were  an  ammonite  or  ceratite;  also  that  the  fossils  were  not  found  so 
early  as  the  date  claimed  by  Blak(^  (1803).  Brewer  is  very  emphatic 
in  his  statements  to  the  effect  that  Whitnev  was  the  first  to  announce 


''  Later  investigators  have  been  inclined  to  regard  the  valley  as  due  merely  to  river 
err)sion,  fai-ilitatcd  by  the  vertical  jointing  of  the  rocks.  (See  H.  W.  Turner,  Proc. 
California  Academy  of  Sciences,  (ieology,  I,  No.  SK  l^HH). ) 

'^  American  .Journal  of  Science,  XXXVIII,  November,  1S04,  pp.  256-264. 

<  See  American  Journal  of  Science,  XLII,  1886,  p.  114. 
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the  Jura-Trias  age  of  these  rocks,  and  the  extracts  from  the  published 
re|X)rts  seem  to  bear  him  out. 

The  second  volume  of  the  paleontological  report^^,  as  published  in 
18(59,  comprised  299  pages,  with  36  full -page  plates,  and  was  given  up 
wholly  to  descriptions  of  Tertiary  and  Cretaceous  fossils  by  Gabb. 
In  his  introductory  note  Whitney  reiterated  his  statement  above  quoted 
regarding  the  age  of  the  gold-bearing  rocks  and  the  absence  of  ro<;ks 
older  than  Carboniferous,  not  merely  in  the  Static,  but  west  of  the 
one  hundred  and  sixteenth  meridian. 

As  previously  noted  (p.  385),  Logan,  during  his  period  of  service 
as  provincial  geologist,  submitted  sixteen  reports  dealing  mainly  with 
stratigraphic  and  economic  subjects.     In  18(>3  he  brought  forward  a 

long  promised  volume — The  (leology  of  Canada  -a 
c2Kd«!  rSS!^  *^*     large  octavo,  of  983  pages,  accompanied  by  an  atlas 

giving  a  colored  geological  map  and  sections. 

Ijogan  was  assisted  during  the  earl}'  part  of  his  work  by  Alexander 
Murraj^  and  James  Richardson,  geologists;  E.  Billings,  paleontolo- 
gist, and  T.  Sterry  Hunt,  chemist.  Later  Robert  Bell,  now  (1904) 
acting  director,  and  others  of  less  prominence,  were  added  to  the 
force.  A  portion  of  the  paleontology  was  assigned  to  James  Hall, 
and  the  nomenclature  adopted  was  essentially  that  of  the  New  York 
survev. 

The  map  accompanying  the  volume  was  beautifuUv  executed  in 
colors,  and  comprised  all  of  the  provinces  southeast  of  the  St.  Law- 
wnve  as  well  as  a  narrow  belt  composed  mainly  of  I^urentian, 
extending  from  Labrador  southwesterly  to  the  Great  I^jikes,  and 
thence  northwesterly  to  the  ninety-sixth  meridian.  It  inchided  a 
considerable  portion  of  the  United  States,  data  for  which  were  sup- 
plied by  Hall  and  other  American  geologists. 

Overlying  the  graptolitic  shales  of  the  Utica  and  Hudson  River 
formations  in  the  vicinity  of  Quebec,  Logan  found  a  confoniiable 
series  of  sandstones,  shales,  and  conglomerate  limestones,  which  he 
considered,  in  spite  of  their  position,  as  older  than  the  Hudson  River 
group  formation  and  to  which  he  applied,  from  their  geographical 
position,  the  name  of  the  Quebec  group.  This  was  again  sulnlivided 
into  an  underlying  green  sandstone  series  called  the  Sillery  formation, 
and  an  overlying  I^vis  formation.  These  were  supiK)sed  by  lioth 
I»gan  and  Billings  to  Ih^  mainly  contemporaneous  with  the  Calcifer- 
ous  and  Chazy  grou|)s  of  the  New  York  geologists,  but  more  recent 
invotigations  by  Selwyn  and  Ellis  have  shown  that  while  the  Iv<»vis 
ImkIs  are  Calciferous  in  the  lower  parts,  the  Sillery  is  prolmbly  all 
C  ambrian  (Dana),  the  Quel)ec,  as  a  whole.  Inking  a  northern  continua- 
tion of  the  Taconic  s4»ries.  By  a  singular  error,  to  which  Marcou 
wa^  prompt  to  call  attention,  this  Quebec  group  on  the  map  referred 
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to  above  was  made  t<^  include  the  (yhazv  and  Calciferou^s  formRtions 
below  the  Trenton. 

It  iH  worthy  of  note  that,  while  IjOgan\s  successors  have  been  inva- 
riably opposed  to  the  idea  of  the  origin  of  the  drift  and  rock  striations 
through  a  glacial  ice  sheet,  Logan  evidently'  committed  himself  to 
this  theory.  Concerning  the  origin  of  the  lake  basins  of  western 
Canada  he  writes: 

These  great  lake  basins  are  depressions,  not  of  geological  structure,  but  of  denu<ia- 
tion,  and  the  grooves  on  the  surface  rocks,  which  descend  under  their  waters,  apfiear 
to  point  to  gla^'ial  action  as  one  of  the  great  causes  which  have  produced  thcve 
depressions. 

Again,  in  a  footnote  on  the  same  page,  he  quoted,  with  evident 
approval,  the  following: 

This  hypothesis  (i.  e.,  the  origin  of  the  lake  basins)  points  to  a  glacial  period  when 
the  whole  region  was  elevated  far  alx)ve  its  present  level,  and  when  the  I^urentides, 
the  Adirondacks,  and  the  Green  Mountains  were  lofty  Alpine  ranges,  covered  with 
I^erpetual  snow  fn>m  which  great  frozen  rivers  or  glaciers  extended  over  the  plains 
l)elow,  producing  by  their  movements  the  glacial  drift  and  scooping  out  the  river 
vallevs  and  the  basins  of  the  lakes. 

It  was  in  this  same  report  that  Logan  first  noted  the  occurrence  of 
a  supposed  fossil  in  the  Laurentian  of  Canada,  describing  imder  the 
name  of  Strom aUrpit^ra  rugom  an  aggregate  of  crystalline  pyroxene 
and  calcite  found  by  Mr.  John  Mullen  in  one  of  the  bands  of  lime- 
stone at  the  Grand  Calumet.  This  was  the  so-called  Eozoon  of  Daw- 
son, referred  to  elsewhere. 

Logan,  for  his  time,  possessed  a  very  profound  insight  into  petro- 
graphical  problems,  though  he  naturally  regarded  as  traces  of  an 
original  bcnlding  what  is  now  known  to  l)e,  in  part,  at  least,  foliation 
due  to  dynamic  causes.  Thus,  in  his  reports  for  1853-1856,  he  wi*ote 
concerning"  the  rocks  of  the  Laurentian  svstem: 

They  art'  the  most  ancient  yet  known  on  the  continent  of  America,  and  are  sup- 
posed to  be  equivalent  U)  the  iron-bearing  wries  of  Scandinavia.  Stretching  on  the 
nortli  side  oi  the  St.  I^wrence  from  Labrador  to  Lake  Superior,  they  occupy  by  far 
the  larger  share  of  Canada,  and  they  have  been  deHcribe<i  in  former  reports  a.**  se<h- 
mentary  depositM  in  an  altere<l  condition,  consisting  of  gneiss  interstratifieti  with 
important  bands  of  crystallin(»  limestone  (p.  7). 

And  again: 

The  Laurentian  series  are  altered  sedimentary  rocks. 

The  geology  of  the  islands  of  Anticosti,  Mingan,  and  the  Magdalen 
River  region  was  assigned  by  Logan  to  James  Richardson,  who  mado 
his  report  in  1857.  The  fossils  collected  were  worked  up  by  Billings, 
who  considered  the  rocks  of  the  Anticosti  group  to  consist  of  l>eds 
of  passage  from  the  Lower  to  the  Tpper  Silurian  and  synchronous 
with  the  Oneida  conglomerate,  the  Medina  sandstone,  and  the  Clinton 
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ff roup  of  the  New  York  survey,  and  with  the  Cimidoe  formation  of 
F^njrland." 

The  possibility  that  the  Laurentian  system  might  not  be  a  single 
unit  was  here  again  recognized  b}^  Logan  in  a  supplementary  note: 

If,  on  exploration  to  the  eastward  of  the  Trembling  Mountain,  it  should  be  further 
a>4c«*rtained  that  the  two  inferior  limestone  Imnds  of  the  Greenville  series  disappear 
on  rea*'hing  the  margin  of  the  anorthosite,  it  may  be  considered  as  conclusive  evi- 
dence of  the  existence  in  the  laurentian  system  of  two  immense  sedimentary  forma- 
tions, the  one  superimposed  unconformably  on  the  other,  with  probably  a  great 
difference  in  time  between  them;  and  it  will  be  an  interesting  subject  of  inquiry 
whether  the  intnisive  rocks  which  have  been  found  intersecting  the  lower  division 
give  any  clue  to  events  which  may  have  happened  in  the  interval. 

Logan  was  l)orn  of  Scottish  parentage  at  Montreal  in  1798,  but  his 
father  shortly  returning  to  Scotland,  he  received  his  early  training, 
which  was  classical,  in  the  High  School  and  University  of  Edinburgh. 

He  showed  no  disposition  toward  scientific  pursuits 
Sketch  of  Los«a.       Until  chaucc  led  him  to   the  keeping  of  accounts  in 

the  establishment  of  an  uncle,  who  was  interested  in 
mining  and  copper  smelting  operations  in  Wales.  Here  he  was 
atti-a^'ted  by  the  phenomena  of  the  coal  seams  and  devoted  a  large 
share  of  his  spare  time  to  their  study. 

In  1.S38  the  death  of  his  uncle  caused  him  to  give  up  his  position  in 
Wales,  and  in  184<)  he  returned  to  Canada.  His  first  geological  paper 
was  on  the  character  of  the  beds  of  clay  immediately  below  the  coal 
s«»ams  of  South  Wales.  This  was  communicated  to  the  Geological 
Societv  of  London  in  1840.  In  this  he  announced  the  invariable 
pr<»sence  under  the  coal  seams  of  beds  of  fire  clay  carrying  Stigmaria. 
This  he  regarded  as  proving  the  origin  of  coal  through  plant  growth 
in  plai»e— an  opinion  which  was  very  generally  accepted  at  that  time. 

When  Logan  l)egan  his  geological  work  in  Canada  a  large  portion 
of  the  country  was  a  wilderness,  without  roads,  and  there  were  no 
ina|)s.     Of  the  topography  of  the  Gasp6  district  it  is  written: 

Little  wa}<  known  of  the  region  benide  the  coant  line;  of  the  geology,  practically 
nothing.  Settlement**  were  few,  c<»nHne<l  almost  exclusively  to  the  coast,  ami  made 
up  chiefly  of  ti)4hertnen.  Then*  were  no  roa<lH  through  the  interior,  most  of  which 
WH»*,  and  indiHNl  still  if*,  a  wiidernenH,  inhabite<l  by  l>earH  and  other  wild  l)easts,  or  at 
liej<t  only  i>enetrate<l  in  certain  n-gionx  by  a  few  Indians  or  luml)ermen.  The  courses 
of  1114 w<t  of  the  Ktn*MmM  were  unkn4»wn  and  the  mountains  untraversed. 

Living  the  life  of  a  ravage,  sUn^ping  on  the  l)eac?h  in  a  blanket  sack,  with  my  feet 
x»»  the  tir«',  siOdoiii  taking  my  clothen  (»ff,  eating  salt  |M>rk  and  ship's  biscuit,  occasion- 
ally tormentctl  by  moMiuitoes. 


"  Prof.  N.  S.  ShaltT,  in  a  jwijht  U'fore  the  Boston  Society  of  Natural  History, 
I^Hvridx'r  is,  1SI>1,  antjigonir^Ml  that  view  and  argued  that  frr>m  the  Imge  of  the 
level  of  the  ('anatlian  channel  to  the  Hutiiniit  at  the  southwi*stem  point  of  the  island 
tlu*  U*«b*  were  entindy  I'pfter  Silurian  and  Hynrhrrmous  with  the  Olintim  and  Niagara, 
of  New  York  and  elsi'where,  though  the  fiissils  themselves  might  not  ))e  absolutely 
identified. 
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Sucli  is  the  record  Ix)gaii  has  left  uw  of  hLs  Gasp*^  experience.  From 
early  dawn  to  dunk  be  paced  or  puddled,  and  yet  hi^  work  v/aii  not 
finished,  for  while  hia  Indians — often  his  solft  companions — smoked 
their  pipes  around  the  evening  fire  he  wrote  his  notes  and  platted  the 
day's  measurements. 

Logan  ia  represented  to  us  as  strong  in  body,  of  active  mind,  indus- 
trious, and  doggedly  persevering,  painstaking,  a  lover  of  truth,  gen- 
erous, possessed  of  the  keenest  knowledge  of  human  nature,  sound  of 
judgment,  but  always  cautious  in  expressing  an  opinion. 

During  his  twenty-seven  years  of  office,  sixteen  reportj*  were  sub- 
mitted, the  first,  that  for  tlie  year  1843,  appearing  in  the  form  of  a 
pamphlet  of  15!)  octavo  p^es.  It  contained  remarks  on  the  mode  of 
making  a  geological  survey  and  a  short  preliminary  I'eport  containing 
general  observations  on  the  geology  of  the  provinces,  and  adjacent 
portions  of  the  United  State,s,  t<^ether  with 
'  I    the  Joggins  section  already  mentioned. 

§.\ssisted  by  Mr.  Alexander  Murray,  and 
later  by  the  chemist,  T.  Sterry  Hunt,  Logan 
continued  his  work  until  1869,  when  he 
resigned  to  be  succeeded  by  Mr.  Selwyn, 
His  reports  covei-  the  geology  of  Ottawa, 
the  Gasp^  peninsula,  the  economic  geology 
of  the  Lake  Superior  region,  the  geology 
of  lower  Canada  with  especial  reference  to 
the  I'lustern  townships,  the  region  along  the 
norl.h  coast  of  Lake  Huron,  thegold-l)earing 
^^  ■  fichls  of  the  Chaudiere  region,  and  the  west- 

Fir  71  — Thoma-i KuiTv  iiiiiii  *''"  P'^"!"'*'''*.  *lso  the  Tcgion  between  the 
Ottawa,  the  St.  Lawrence,  and  the  Rideau. 
His  most  importiuit  publication  was  his  geologj-  of  ('anada,  noticed 
aliovo.  His  geological  map,  bearing  date  of  l^Oti  and  measuring  8 
by  ;ii  feet,  is  ^iiid  U>  have  been  the  largest  and  most  comprehensive 
that  had  appejircd  up  to  that  time. 

L'udcr  the  directorship  of  Logan,  Alexander  Murray,  assisted  by 
.lami's  V.  lliiwley,  Ix'gnn  work  on  the  geology  of  Newfoundland  in 
lsii-1,  making  a  lirst  liricf  report  in  Mhv.  18G6.  The  survey  was  con- 
__ tinned  until  l8Sii,  and  a  reprint  of  all  the  reports  pub- 
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lislicd  in  liook  form— an  o<-tavo 

issi. 


e  of  53ti  p^es- 


Tiie  work  as  a  whole  consisted  mainly  of  details  of  structure  of  the 
regiuiis  inuncdiat<'ly  along  the  coast,  with  notes  on  the  mines.  The 
various  sulidivisiuiis  of  the  formations  adopted  were  naturally  those 
of  tlie  Canadian  survey,  which  were  based  to  a  considerable  extent 
upon  those  of  the  New  York  survey. 
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Naturally,  Murray's  observations  were  limited  mainl}'  to  a  compar- 
atively narrow  l>elt  along  the  coast.  With  the  excM»ption  of  the  (ihu  ial 
and  post-Gla^'ial  material,  no  formations  were  found  of  later  date  than 
the  Carboniferous.  The  succession  of  the  Ix)wer  Silurian  formations 
of  the  island  from  al>ove  downward  he  gave  as  follows:  Sillery,  Lau- 
zon,  Levis,  Upper  Calciferous,  Lower  Calciferous,  Upper  Potsdam, 
l^wer  Potsdam,  and  St.  John's  (xroup.  The  St.  John's  Group  is  now 
recognized  as  Middle  Cambrian  ( i)^  while  his  Lower  Potsdam  is  Lower 
Cambrian. 

Before  the  beginning  of  Murray's  work  it  had  alread}^  l>een  shown 
by  Richardson,  working  under  direction  of  Logan,  that  a  trough  of 
Lower  Silurian  rocks  must  underlie  the  northern  part  of  the  (lulf  of 
St.  Lawrence,  gradually  narrowing  toward  the  Strait  of  Belle  Isle,  one 
side  of  the  trough  rising  on  the  coast  of  Labrador,  while  the  other 
formed  the  western  shore  of  Newfoundland  from  Bonne  Bay  to  Ca|>e 
Norman.  On  each  side  of  the  Strait  these  rocks  were  found  to  re^t 
on  Laurentian  gneiss,  which  was  ascertained  to  extend  from  the  neigh- 
borhood of  Bonne  Bay  to  within  12  or  15  miles  of  Hare  Bay. 

Murray's  investigations  proved  that  the  Laurentian  rocks  spread  in 
breadth  to  the  Atlantic  coast  of  the  great  northern  peninsula  of  the 
island,  and  that  the  base  of  the  Lower  Silurian  strata,  sweeping  around 
the  northern  extremity  of  the  gneiss,  comes  upon  the  (5oast  near  Canada 
l^y,  and  again  strikes  into  the  land  at  Coney  Arm  in  White  Bay, 
where  the  Lower  Silurian  are  overlaid  by  Upper  Silurian,  followed 
by  rocks  of  Devonian  age.  Farther  to  the  southeast  the  I^aurentian 
and  Silurian  series  were  found  to  l)e  partially  and  unconformably  cov- 
ered by  rocks  of  Carboniferous  age. 

The  report  was  accompanied  by  a  colored  geological  map  on  ten 
sheets,  on  a  scale  of  25  miles  to  the  inch. 

As  alread}^  noted,  the  Canadian  geologists,  with  the  exception  of 
Logan,  have  never  taken  kindly  to  the  idea  of  a  glai*ial  ice  sheet,  but 
have  sought  to  account  for  the  distribution  of  the  drift,  erosion,  and 

allied  or  associat«»d  phenomena  through  other  meansi 
SSidirtiMi^isS.^        Thus,  J.  W.  Dawson,  in  his  address  before  the  Nat-  / 

ural  History  So<'iety  of  Montreal  in  18*>4,  t(X)k  oc<*asion 
to  combat  vigorously  the  idea,  on  the  ground  that  *'  it  nM|uires  a  series 
of  suppositions  unlikely  in  themselves  and  not  warmnted  by  fact^:'' 
that  it  seems  phvsically  impossible  for  a  sheet  of  ice  to  move  over  an 
DttwiM't  Addrws  even  surface,  striating  it  in  uniform  directions  over 
5jJjJJ*5iS2yo?  ^*^^  areas;  that  glaciers  could  never  have  transj>orted 
jiiMtrMi.  1864.  i\^^  large  l)owldersand  left  them  in  the  positions  found, 
having  no  source  of  supply;  that  the  p<^at  deposits,  fossils,  etc.,  show 
that  the  sea  at  that  |)eri<Kl  had  much  the  same  temperature  its  the  pres- 
ent Arctic  current!:),  and  that  the  land  was  not  covered  by  ice. 
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In  describing  tho  northeasterly  and  southwesterly  and  northwesterly 
and  .southeasterly  directions  of  the  rock  stria?,  he  announced  that  he 
had  no  hesitation  in  asserting  that  the  force  which  produced  the  south- 
westerly striai  was  "from  the  ocean  toward  the  interior,  against  the 
slope  of  the  St.  Ijawrence  valley,"  and  as  he  could  not  conceive  of  a 
glacier  moving  from  the  Atlantic  up  into  the  interior  he  considered 
this  as  at  once  disposing  of  the  glacial  theory.  He  conceived,  rather, 
that  a  subsidence  took  place  sufficient  to  convert  all  the  plains  of 
Canada,  New  York,  and  New  England  into  sea.  This,  he  felt,  would 
determine  the  direction  of  the  Arctic  current  which  would  move  up 
this  slope.  He  would  account  for  the  excavation  of  the  basins  of  the 
Great  Lakes  in  a  similar  way.  Supposing  the  land  submerged  so  that 
the  Arctic  current  from  the  northeast  should  pour  over  the  Ijaurentian 
rocks  on  the  northern  side  of  Lake  Superior  and  Lake  Huron,  it  would 
cut  out  the  softer  stratii,  forming  the  basins  and  drifting  the  material 
to  the  southwest. 

The  lower  strata  of  this  current  would  be  directed  through  and 
between  the  Laurentide  hills  and  the  Adirondacks,  and,  flowing  over 
the  ridge  of  hard  rock  which  connects  them  at  the  Thousand  Isles, 
would  cut  out  the  basin  of  Lake  Ontario  and  heap  up  at  the  same  time 
the  mass  of  bowlder  day  intervening  between  Lake  Ontario  and 
Georgian  Bay.  Lake  Erie,  he  thought,  might  have  been  cut  by  the 
flow  of  the  upper  layers  of  water  over  the  middle  Silurian  escarpment, 
Lake  Michigan  being  likewise  due  to  this  unequal  erosion.  The 
northwesterly  and  southeasterly  striae  he  conceived  were  produced  by 
a  return  of  the  northeast-southwest  current,  obstructions  causing  it 
to  flow  along  the  valleys  of  Lake  Champlain,  the  Connecticut,  and 
the  low  country  between  Lake  Ontario  and  Lake  Huron.  He  would 
not  wholly  exclude  the  action  of  glaciers,  l)ut  thought  such  were 
limited  to  the  mountain  tops.  Old  sea  beaches,  he  thought,  had  been 
mistaken  for  moraines,  and  he  found  evidences  of  ocean  breakers 
almost  to  the  summits  of  the  White  Mountains.  Lake  basins  and 
fiords  in  the  northern  latitudes  are  all  due  to  current  and  wave  action, 
the  cold  Arctic  currents  being  appealed  to  rather  than  the  warm 
surface  currents.  He  also  felt  sun»  that  the  numerous  indentations  of 
the  coast  of  the  Tnited  States  were  due  to  the  action  of  waves  rather 
than  of  ice. 

In  the  autumn  and  winter  of  1803-()4  Raphael  Pumpelly,  of  Rhode 
Island,  was  engaged  })y  the  Chinese  Government  to  examine  the  coal 
fields  west  of   Peking.     Incidentally  he  made  journeys  in  northern 

China  and  Mongolia.  Subsequently,  in  1804-05,  he 
china^'isw^!^'' *"  crossed    into  Siberia  and   journeyed  overland   to  St. 

Petersburg.  The  results  of  his  observations  on  the 
geology  of  the  region  were  published  in  the  Smithsonian  Contributions 
to  Knowledge,  ISOO,  forming  a  quarto  pamphlet  of  144  pages  with  8 
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platen  of  sections,  «rul  a  <»ili>re(l  gedlogiciil  iimi).  Ihc  lattt^'  lonfi'sjsodly 
hypothetical.  This  memoir,  which  tintt-dated  Itichthofen'sffiwit  work 
on  China  by  some  years,  gave  to  the  world  the  first  authentie  Hivoiiiit 
of  the  geology  of  the  region. 

He  .-showed  that  in  the  region  extending  from  the  twentieth  lo  a  little 
lieyond  the  fortieth  parallel  and  from  near  the  one  hundredth  t^>  niKiiit 
the  one  hundred  and  twenty-second  meridian  the  oldest  Hedinientary 
rocks  were  Devonian  limestones,  which  prevailed  in  .-lome  cases  tu 
the  enormous  thickness  of  11, GUI)  feet.  Overlying  this,  through  the 
greater  part  of  the  area,  were  the  Chinese  Coal  Moisurcs  (Me.xozoif), 
interrupted  by  bands  of  granitic  and  metaniorphic  rock  of  undeter- 
mined age.  In  the  extreme  northern  part  of  this  region  wa.s  a  com- 
paratively small  area  of  liasaltic  and  trachytic  rtx-ks.  The  region 
immediately  south  of  Peking,  comprised  pnnci{)aUy  within  the  prov- 
inces of  Chihli,  Nganhwui.  Kiang.su.  and  Shantung,  wiih  colored,  hh 
(K-cupied  by  post-Tertiary  materials,  with 
ptmailer  areas  of  the  same  age  along  the 
YangtMC-Kiang  and  Hoangho  rivers  in  the 
provinces  of  Ilupeh,  SzVhueii.  and  Shensi. 

Considerable  attention  was  given  to  the 
post-Tertiary  "Terrace"  deposit,  or  loam, 
which  he  found  in  the  valley  of  every  tribu- 
tary of  the  Yang  Ho,  and  prolwbly  also  of 
the  Sankang  Ho.  This,  which  has  since  be- 
come more  generally  known  a,s  the  Chinese 
locKs.  was  descrilved  in  considerable  detail  as 
to  modes  of  occurrence,  physical  projierties. 
nnd  geological  distribution.  The  mat^'riul 
lie  regarded  a^  having  l>een  deposited  in  a 
t-hainof  lakex  extending  from  Yenkingchau 

north -north  west  of  Peking  to  near  Ninghia,  in  Kansuh,  a  distance  of 
nearly  500  miles,  the  lake  l>a.sins  themselves  being  formetl  by  the  dis- 
locations which  gave  rise  to  the  plateau  wall  to  the  north,  and  iM'ing 
tilled  by  sediments  brought  by  the  Yellow  Kiver. 

The  fossil  plants  brought  by  Pump«-lly  from  the  coal-l)caring  ro«'ks 
were  studied  by  Xewlierry  and  identified  as  of  Mesozoic  age. 

<ieorge  H.  Cook,  who  was  assistant  jreologist  of  New  Jersey  under 
the  Kitchell  ,sur\ey  (susi>ended  in  l.s,">H),  was  apjHiinted  State  getilogist 
with  the  reorganizati<in  of  the  same  survey  in  lhi>8.  anil  continued  to 
^   ..  -^^  serve  in  this  caimctty  until  the  lime  of  bis  death  in 

tttwJtnv.  IKWit.     Mis  tirst  annual  report,  that  for  isti-l,  Itearing 

the  date  of  Ik'm,  was  a  small  jmmphletof  but  :^>  |>ages, 
and  contained  a  single-|mge  coloreil  geological  map  of  the  Stale,  the 
secood  of  iti4  kind  to  be  i.-csucd,  the  lirst  having  )»eeii  by  II.  I>.  Rogers. 
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One  of  the  first  tasks  which  Doct^)!*  Cook  imposed  upon  himself 
after  his  appointment  was  the  preparation  of  a  large  octavo  vohune, 
accompanied  by  a  portfolio  of  maps,  setting  forth  the  condition  of  the 
knowledge  of  geology  of  the  State  up  to  the  date  of  publication  (1868). 
In  this  work  he  gave  a  general  summary  of  all  his  previous  work,  and 
upon  it  we  will  draw  largely  for  other  facts  which  may  l^e  given  here. 

Naturally  the  question  of  the  age  and  stratigraphic  position  of  the 
white  limestone  came  up  for  discussion.  He  quoted  the  opinion  of 
Rogers  (p.  326),  and  found  reason  for  differing  with  him.     He  wrote: 

In  regard  to  the  crystalline  limestones  he  was  mistaken.  They  are  everywhere 
conformable  to  the  gneiss  and  interstratitied  with  it.  His  mistake  is  acknowledged 
by  his  former  assistant,  J.  P.  Lesley,  in  the  American  Journal  of  Science,  LXXXIX, 
p.  221.  The  true  position  and  identity  in  age  of  the  crystalline  limestone  and 
gneiss  was  proved  by  Vanuxem  and  Keating,  in  the  Journal  of  the  Academy  of 
Natural  Sciences  in  1822,  and  this  view  has  been  sustaineil  by  all  the  observations  of 
Doctor  Kitchell  and  his  assistants  and  can  Ihj  easily  verified  by  anyone  who  will 
visit  the  localities  cited  in  this  rej»ort.'' 

Cook  was  inclined  to  regard  the  magnetic  iron  ore  as  of  sedimen- 
tary origin,  deposited  in  beds  just  as  were  the  gneiss  and  crystalline 
limestone,  in  this  respect  agreeing  with  Doctor  Kitchell  and  disagree- 
ing with  H.  D.  Rogers. 

As  early  as  1854  Cook  had  called  attention  to  the  gradual  subsidence 
of  the  coast  of  New  Jersey,  and  before  his  death  was  able  to  give 
absolute  figures  regarding  the  rate  of  depression. 

Cook  was  })orn  in  Hanover,  New  Jersey,  in  1818,  and  educated  in  the 
public  schools  of  the  State  and  the  Rensselaer  Polytechnic  Institute, 
whence  he  graduated  in  lS8i»  with  the  degree  of  C.  E.  After  gradua- 
tion he  ronmined  at  the  Institute  as  tutor,  adjunct  pro- 
sketch  of  Cook.  fessor,  and  tinally  full  professor,  until  184t),  when  he 

removed  to  Albany,  New  York,  where  he  was  engaged 
at  first  in  business  and  latterly  as  prof essor  of  mathematics  and  natui^l 
philosophy,  and  tinally  principal  of  the  Albany  Academy. 

In  l.sr)2  ho  was  sent  to  P^urope  b}^  the  State  authorities  of  New  York 
to  study  the  salt  deposits,  with  a  view  of  developing  those  of  Onondaga 
County.  In  is.')^  he  aceei)ted  a  call  to  the  chair  of  chemistry  and 
natural  sciences  in  Rutgers  College,  New  Jersey,  retaining  his  connec- 
tion with  the  institution  during  the  remainder  of  his  life,  though  after 
1854  being  actively  connected  with  the  State  geological  survey.  In 
ISSO.  moreover,  \w  was  made  din»ctor  of  the  State  agricultund  expi^r- 
iment  station,  which,  indeed,  had  been  established  largely  through  his 
etforts. 


'^ studies  by  Mr.  A.  ('.  SponriT,  <»f  the  rnitcd  Shites  (ieolojjical  Survey,  made  dur- 
ing tlje  seaH)ii  of  1W4,  point  t<>  an  igneous  origin  for  the  gneiss.  Thisview,  of  course, 
effectively  «lisiH»ses  of  the  idea  that  the  limestone  is  conformable  with  the  gneitss^  and 
interstratilied  with  it. 
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A  Dohle  and  unsolfish  man,  who,  aa  :Home  one  has  expr<'S!<ed  it,  '^  went 
in  and  out  of  the  huu!<eH  of  thi»  Stat«,  making  friends  of  every  man, 
woman,  and  child  he  met."  Farseeing,  persi!iit«nt.  evorvahn  and  judi- 
c-ious  in  his  work,  yet  light  hearted  and  cheerful  among  his  friends— 
Ilia  broad  expanse  of  Eai-e,  full  of  light,  Iilh  eyes  f^lc-amiiig  ujlli  kindlmem,  an  well  aa 
with  ehrewilnreB.  and  often  with  a  riKht-merry  t«'inkU>;  h\n  ^nial  Bmilc,  hiit  frank 
Kn-eting,  never  tnarreil  by  any  hollow  and  flippant  phraee  of  mere  etiijuetle,  but  as 
h<in«*it  ax  it  ie  cordial;  his  Rvinpathy,  so  nviHinitive  yet  i<o  ^iiuinpi  his  iiiaarive 
though  i|uiel  etrength  of  pur[Hi»e;  and  hi»  self-contained,  Be  I  t-i  willed  nature,  ali 
crowneil  with  boundleiiH  hopefulnesx,  unileil  to  make  his  very  prer^nce  an  inspira- 
tion and  benedii-lion. 

In  the  author's  memory  there  are  two  men  among  American  geolo- 
gists who  stand  out  as  devotees  of  science,  yet  entirely  free  from  the 
narrowness  of  the  specialist  or  the  personal  idiosyncrasies  that  so  fre- 
tpiently  mar  the  character  of  men  of  their  class.  The.ie  two  men  are 
George  H,  Cook  and  Edward  Orton.  They  loved  science  for  science 
sake,  yet  did  not  close  their  eyes  to  its  eco- 
nomic l>earing,  nor  call  upon  an  overtaxed 
puhlic  to  support  them  in  the  work  they 
loved,  reganlless  of  it"  onteome.  Never  a 
minister  of  tlie  gospel  bad  the  inten'sts  of 
his  [wrishioners  more  at  heart  than  tliesc  two 
men  that  of  the  puhlie  they  served.  For 
thems<>lves  they  asketl  simply  the  privilege 
of  doing  the  work  and  doing  it  to  the  l)est  of 
their  ability. 

B.  F.  Mudge,  as  Stiit^-  geologist,  sulimitted 
his  First  Annual  Re|H)rt  on  the  (leology  of 
Kansas  for  the  year  lS(i4,  in  form  of  an 

0<taVO  volume    of   5*>   pages.  ''"■  "ti— Bfiijaniin  Kranklln 

*r?nT'.?'kiff'!r^'  '"  •'*•'*'■     •^'^  announced  the  " 

lowest  gcidtigical  formation  of  tlie  State  to  Ik-  the  upper 
(Kirtion  of  the  Coal  Measures,  of  which  he  gave  a  section  in  l^eaven- 
worth  CiHinty.  lie  accepted  the  identilication  of  the  Pennian  age  of 
the  fos-sils  whieh  had  U'en  descriU-d  by  Meek,  llayden,  and  Swallow, 
and  notrtl  the  occurrence  of  the  Triiwsic  and  prolwilily  the  .lura.-isie 
ul-xi.  in  a  )»elt  of  territory  crossing  the  HepiiMintn  iin<l  Smoky  Ililt 
valleys,  and  also  the  Cretaceous,  the  geographic  timilM  of  whieh  had 
not  l>«'n  worked  out.  He  regat^led  llie  drift  and  erratii-  liowlders  as 
due  to  icpliergs. 

l'nife.<4or  Mudge  was  Itorn  in   Maine  in  1>il7,  and  graduattxl  ut 

Wesleyan    rnivi-rsity.  Coniii'ctieut,  in    1K40.      After 

Sketch  of  Made*,      graduation  he  studied  law  and,  iK'itig  admitted  to  the 

liar,  practiecd  his  professitm  in  Lynn.  MaxsachusettK, 

until  IsM.     During  lM.'iit  nn<l  1>><'^>  he  wits  employeil  as  chemist  in  (he 

CbelM-a.   Ma>Nachuscttj<.  and   Kn'ckinridge.  Kentucky,  oil  retineries. 
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and  in  1861  he  removed  to  what  is  now  Kansas  ^^ity,  Kansas,  where  he 
engaged  in  teaching.  Such  a  life  would  now  be  considered  as  little 
fitting  a  man  for  the  profession  of  geology,  yet  in  1864,  having  by 
invitation  delivered  a  course  of  lectures  before  the  Kansas  legislature 
upon  the  geological  resources  of  the  State,  he  was  unanimously  elected 
State  geologist,  a  position  which  he,  however,  filled  for  but  a  single 
3'ear,  resigning  to  accept  the  professorship  in  natuml  history  in  the 
Agricultural  College  at  Manhattan,  where  he  remained  until  1873. 
His  resignation  from  this  last  position  is  stated  to  have  been  caused 
by  disgust  aroused  at  the  political  conditions  in  which  the  institution 
became  involved  and  the  assumption  of  its  presidency  by  a  well-known 
politician,  with  no  qualifications  whatever  for  the  position. 

Although  by  profession  a  lawyer,  Mudge  is  stated  to  have  been 
throughout  his  whole  life  deeply  interested  in  natural  sciences,  and 
while  in  Lynn  to  have  taken  an  active  part  in  the  organization  of  the 
Lynn  Natural  History  Society.  In  Kansas  his  scientific  work  was 
largely  in  the  line  of  exploration. 

Arduous,  intrepid,  willingly  undergoing  hardships  and  dangers  for  the  sake  of 
8(!ience,  he  explored  a  very  large  part  of  Kansas  when  explorations  meant  real 
dangers  and  hanlships  of  the  most  pronounced  kind.  As  early  as  1870  he  made 
explorations  in  the  extreme  western  part  of  the  State  in  the  study  of  its  geology  and 
paleontology,  and  for  years  afterwards  nearly  every  summer  found  him  in  the  midst 
of  the  Indian  countr}',  usually  wholly  without  protection  from  the  danger  of  hostile 
Indians,  save  such  as  his  own  rifle  and  revolver  afforded.  In  the  summer  of  1874  he 
explored  the  whole  length  of  the  Smoky  Hill  River,  an  utterly  trackless  wild, 
infeHte<l  by  Indians,  whof»e  murderoiiH  depredations  were  visible  on  every  side. 

Mudge's  bibliography  is  brief  and  the  papers  generally  limited  to 
l)ut  a  few  pages  at  most.  His  material  he  willinglv  put  in  the  hands 
of  others  for  publication,  and  Marsh,  Cope,  White,  and  Lesquereux 
profited  thero})y.  It  was  during  one  of  these  earlier  trips  that  he  dis- 
covered the  first  specimen  of  Ichthyornis,  which,  coming  into  the 
hands  of  Marsh,  did  so  much  toward  making  the  latter  famous. 

Mudge  made  the  first  geological  map  of  the  State  (Kansas),  which 
is  fairly  correct  in  its  main  features,  save  for  the  Lower  Cretaceous, 
which  ho  failed  to  recognize. 

lie  niapf)ed  and  (leKTil>ed  with  tolerable  accuracy  &nd  fullnens  the  physical  struc- 
tures of  the  different  Cretaceous  and  Tertiary  horizonp.  Much,  if  not  most,  of  the 
information  thus  given  was  based  upon  his  j)atient  researches  in  wagon  or  on  ioot. 
In  general  it  may  truthfully  l>e  said  that  his  pioneer  work  in  Kansas  geology  was 
important  and  extensive,  though  now  largely  superse<led  by  more  detailed  and 
accurate  stu<lies.  1 1  is  work  in  life,  however,  has  chiefly  borne  fruit  as  a  teacher.  He 
was  widely  known  as  an  enthusiastic  an<l  able  lecturer,  and  his  courses  were  always 
in  demand  by  the  tea<hers  and  s<*ientilic  men  of  the  State.  His  (piiet  moilesty  and 
uns<'Hisliness  (lisanue<i  all  envy  and  jealousy.  Of  most  channing  personality,  of 
wiile  culture,  an<l  un) wounded  enthusiasm,  his  teachings  niade  an  unusual  impression 
ujM)n  all  with  whom  he  came  in  contact. 
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In   1866,  G.  C.   Swallow,   who   succeeded   B.  F.   Mudgo   as   State 

geologist,  iitsued  a  Preliminary  Report  of  the  Geological  Survey  of 

Kansas,  in  form  of  an  octavo  volume  of  198  pagea,  including  a  report 

by  Dr.  Titfin  Sinks  on  the  Climatology,  and  one  l»y 

oootoKicai sorvejr      Dr.  C.  A.  Logan  on  the  Sanitarv  relations  of  the  State. 

OfKuM*.  1S6«.  I.    ■     r>     ..  '  ■       - 

Maj.  r .  Hawn  wart  as^mtant  geologist. 

Special  attention  was  given  to  the  eaMtern  and  central  jmrt  of  the 
State.  He  found  rocks  belonging  to  Quaternary,  Tertiary,  Creta- 
ceous, Triassic  (''.),  Permian,  Ix>wer  Permian,  and  Carlxmiferous  for- 
mations, the  lowermost  division  being  the  Lower  CarlHmiferou.-.  The 
buff,  mottled,  and  red  sandstoneM  underlying  the  Cretaceous  were 
doubtfully  referred  to  the  Triassic  from  their  resemlilaiice  to  the 
foreign  Triassic  and  the  presence  of  a  Xncida  re-seinbling  tlic  Sjii'viiHut 
of  Munijter  from  the  Mus<-helkalk  of  Bindlock.  The  preMciice  of 
Pennian  lieds.  it  will  be  rememlwred,  he  had  previously  aniiount'i'd. 
The  coal-ljearing  rocks  he  estimated  at  :i,iM)0  feet  in  thickness  and 
underlying  an  area  of  over  17, (MX)  stjuare 
miles.  In  these  he  announced  twenty-two 
di-xtiiict  and  separate  beds  of  coal,  ranging 
in  thickness  from  1  to  7  feet. 

This  work  of  Swallow  in  Kansas  has  bren 
largely  overlooked  by  recent  workers.  Ac- 
cording to  Keyes,"  a  large  portion  of  it  wiis 
not  only  good  but  marvelously  well  done  for 
\in  day  and  the  conditions  imder  which  it  was 
accoiiiplishe<l.  The  historical  importance  of 
Swallow's  work  "lies  in  the  fact  that  some 
of  his  geographic  names  applied  to  geologic 
terranes  will  have  to  stand  as  valid  terms,  al- 
though his  correlations  were  often  very  l)ad.'' 

Swallow,  like  Mudge.  was  born  in  Maine, 
but  was  of  Norman-Fr*'nch  descent.  l!e  studied  the  natural  sciences 
under  ParkerCleavelaml.  ut  itowdoin  (.Jollcge,  graduating  in  1S43,  and, 
aft«T  .several  years  in  educational  work,  awcpted  the 
MMck«fSwdm.  chair  of  chemistry,  geology,  and  mineralogy  in  the 
I'nivvrsily  of  Missouri  in  t'olumbia.  Pntm  ir<5<>  to 
|H<>1.  the  date  of  the  di.s4-oiit  in  nation  of  the  survey,  he  served  as 
geologist  of  Missouri,  and  in  lH(>r>  was  aj)])uiiited  State  geologist  of 
Kansas,  as  elsewhere  not'<d. 

lie  is  repn'sented  to  us  as  a  large,  tine-l<H>king  man,  over  <•  ftH't  in 
height,  and  a  very  clos«'  observer  of  all  natural  phenomena.  Acconl- 
ing  lo  Professor  itroiidhead.  "No  other  man  (luring  the  siimc  length 
of  time  has  ever  gcme  into  a  strange  lield.  tniver^Kl  the  country,  and 
|>ublishe<l  H  volume  all   in  a  year  and  ii  half,  as  he  di<l."     Swidlow  was 


rii-an  ( i«)1ii|iii'I,  June,  IMN),  |>. 
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connected  for  a  time  (1867-1870)  with  mining  operations  in  Montana, 
but  his  scientific  field  was  limited  wholly  to  Missouri  and  Kansas. 

At  the  Deceml^er  (1865)  meeting  of  the  Boston  Society  of  Natural 
History,  l^r.  N.  S.  Shaler,  then  but  twenty-four  years  of  age  and  a 
graduate  of  the  Lawrence  Scientific  School  in  Cambridge,  made  some 

interestiniJf  remarks  on  the  elevation  of  continental 

N.  S.  Shaler's  Views  ?i    i-        •  x      xi.  ^.  i?    ^i       i 

on  Continental  Uplift,     niasses.     Keferring  to  the  assumptions  of   Charles 

Babbage  and  Sir  John  Herschel  relative  to  the 
shifting  of  isothermal  lines  and  consequent  expansion  and  local  uplift 
along  lines  of  deposition,  he  went  on  to  argue  that  for  the  same  reason 
sea  bottoms  on  which  sedimentation  was  taking  place  would  be  areas 
of  depression,  since  the  curving  must  take  place  in  the  direction  of 
greatest  expansion.  In  like  manner,  uplifting  would  take  place  alon^ 
lines  of  denudation.  The  intermediate  point  between  the  two  zones  of 
movement  would  naturally  be  the  sea  border,  and  hence  here  would 
occur  the  fmcturing  of  the  syperincumbent  strata  and  resultant  vol- 
,canic  phenomena.  In  this  way,  assuming  the  original  nuclei  of  the 
continents,  or  points  first  elevated  above  sea  level,  to  have  been  in 
the  northern  portion  of  the  sphere,  he  thought  it  probable  they  would 
continue  to  grow  l)y  uplift  southward  in  a  succession  of  southwardly- 
pointed  triangles. 

Some  six  months  later,  in  June,  1866,  he  read  before  the  same 
society  a  pa|)er  on  the  formation  of  mountain  chains,  which  is  also  of 
interest  in  this  connection.  Accepting  the  theory  that  the  earth's 
mass  consists  of  a  solid  nucleus,  a  hardened  outer  crust,  and  an  inter- 
mediate zone  of  slight  depth  in  a  condition  of  imperfect  igneoui» 
fusion,  he  jirgu(»d,  as  in  a  previous  paper,  that  while  the  continental 
folds  were  prol)ably  corrugations  of  the  whole  thickness  of  the  crui>t 
the  mountain  chains  were  but  folds  of  the  outer  portion  caused  by  the 
contraction  of  the  lower  portions  of  this  outer  shell,  the  contraction 
in  hotli  cases  being  due  to  loss  of  IwnL  Further,  the  subsidence  of 
the  oceairs  floors  would,  through  producing  fractures  and  dislocations 
along  those  lines,  tend  to  promote  the  formation  of  mountain  chains 
along  and  panillel  with  the  sea  borders. 

Still  again,  in  istis,  Shaler  (having  in  the  meantime  been  elected 
professor  of  geology  in  Harvard  University)  brought  up  before  the 
Societv  the  matter  of  the  nature  of  the  movements  involved  in  the 
changes  of  level  of  shore  lines,  and  this  time  with  particular  reference 
to  changes  coincident  with  or  subsecjuent  to  the  Glacial  |>eriod.  He 
showed  that  local  pluMioniena  of  continental  uplift  or  depression,  as 
measured  hy  the  level  of  the  sea  at  the  shore  line,  might  be  variously 
modified  by  the  position  of  the  points  of  rotation,  whether  immedi- 
ately at  the  shore  line  or  at  a  greater  or  h\ss  distance,  either  seaward 
or  inland.  Of  greater  siguiticance,  however,  wen*  his  remarks  rela- 
tive to  the  changes  in  U'vel  at  the  time  of  glaciation.     Referring  to 
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a  previous  paper,  where  he  showed  that  a  compound  bar  would,  when 
heated,  bend  toward  the  wide  composed  of  the  uiost  exiwuisive  mate- 
rial, he  compared  such  a  bar  to  a  portion  of  the  earth's  crust  eovercd 
with  several  thousand  feet  of  ice  and  snow.  The  effect  of  this  blanket 
would  be  to  cause  the  isothermal  lines  to  move  outward  toward  the 
surface,  causing  thug  an  expansion  of  that  jwrtion  of  the  crust  immc- 
diHt4>h-  beneath  the  ice.  But  the  ice  itself  would  partake  very  slightly, 
if  at  all,  of  this  increased  temperature,  and,  as  in  the  case  of  the  com 
|K)und  bar.  the  l>ending  would  take  pW'C  in  the  direction  of  maximum 
expansion,  i.  e..  in  this  jmrtlmlar  case,  downward.  In  this  way,  he 
suj;^8ted.  the  depression  accomiHinying  the  jK'rlod  of  maximum  (flacia- 
tion  might  l>e  accouiitod  for. 

('.  F.  Hartt  and  Orestes  St.  John  aci'om])anied  A^.ssiz  in  the  caittu- 
ily  of  geologists  on  the  Thayer  Kxpedition  to  Brazil  during;  the  years 
lS(i5-f*.      In    IHST    Hartt  made   a    second 
iournov.    speiidinir    several 

C.  F.  Kvtt'l  Work      ■■  .,■  *^     , 

laBruii.  months    on    the   coast.    )>e- 

tween  I'ernamlaico  and  Uio. 
exploring  more  jtarticuhirly  ihc  vicinity  of 
Itahia  and  t)ie  islands  and  coral  n>efs  of  the 
Abrolbos. 

The  results  of  this  and  the  previous  ex- 
[K-ditioii  were  published  iu  book  form  in 
is7i),  under  (he title  of  <ieoh»gy  undPhy.sical 
(ieography   of   Bra/il.      In  this  work  the 
gneisses  of  the  I'rovinceof  Kio  deJaneiro 
an*   regardetl  as  metamorphosed    or    sedi- 
mentary deposits  ami  of  Azoic  age.     Their     kw, -",— chKriw  Fri'LTiik  luni. 
thickness  he  did  not  even  estimate,  recog- 
nising the  fact  that   their  ap^tarent  enormous  thickness  was  <lue  to 
numerous  reverst-d  folds,  so  that  one  might  tmvel  for  niih-s  over  their 
Upturned  edges,  finding  them  always  highly  inclined  and  dipping  in 
the  .same  general  direction. 

('oi)cerning  the  prolmblc  ^^e  of  the  metumorphic  r<H-ks  succeeding 
the  gneisses  he  found  no  pitHtf,  though  it  was  suggested  they  might 
Ik- Sihiriaii  or  IVvonian.  South  of  Itio  he  found  umnistakable  Car- 
iKtnifentuM  rock>.  including  In-ds  of  bituminous  coal,  aixl  in  the  pn>v 
incc  of  S*'rgiiM',  underlying  the  Cretaceous,  a  tlii<'k  serirs  of  red 
>Hndslones,  referred  to  the  Triii-ssic.     No  JunL-<sii-  was  n-cogni/ed. 

Marine  t'retaceous  Ix-ds  of  undetenuine<l  extent  wen'  found  north 
of  the  Abnrihos  IsUikIs.  which  wen-  confornuibly  overlaid  by  chiys 
and  ferniginous  sandstone,  referred  to  the  Tertiary.  Overlying  this 
along  the  whfili"  ctMist  he  found  »n  immense  sheet  of  siructiireless 
clays,  gravels,  and  l>owl<ler  de|m»iit>.  which  he  bi-lieved,  with  .Vgassiz, 
U»  have  iH-en  the  work  of  glai-iul  ice,  though  he  noted  tliat  nowhere 
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had  there  been  seen  either  polished  or  striated  rocks,  such  as  are 
almost  constant  accompaniments  of  glaciation  elsewhere.  It  is  almoe^t 
needless  to  add  that  this  view  is  no  longer  held  by  anyone,  the  bowl- 
ders supposed  to  have  Ijeen  erratics  being  merely  bowlders  of  decom- 
position and  their  distribution  the  work  of  gravity  and  water. 

In  1870  Hartt  went  again  to  Brazil,  and  in  1875,  while  professor  of 
geology  at  Cornell  University,  was  appointed  chief  of  the  geological 
commission  of  that  country,  with  Richard  Kathbun  as  assistant.  He 
died  in  1878. 

An  act  of  the  State  legislature  of  Minnesota  approved  March  2, 
1865,  provided  for  the  establishment  of  a  State  geological  survey,  but 
one  which  proved  short-lived.     Henry  E.   fiames  was   made  State 

„  „  geologist,  and  during  his  term  of  office  made  two  briof 

H.  E.  Esoics's  Work  _  •iiii* 

In  Minnesou,  reports  oi  23  and  58  pages  respectively,  both  beanntj: 

on  the  title  page  the  date  of  1866.  The  work  was 
almost  wholly  of  an  economic  nature. 

Eugene  W.  Hilgard,  in  an  article  in  the  American  Journal  of  Sci- 
ence for  1866,  pointed  out  the  groat  difference  in  the  character  of  the 
drift  in  the  north  and  northeast  and  that  of  the  west  (Mississippi  Val- 
ley).    He  felt  that  the  glacial  theory  alone,  as  then 
tiiSSriit!  TsdJT  ^"     understood,  could  not  account  for  these  deposits  north 

of  the  Ohio  any  more  than  for  the  Osage  sand  delta 
south  of  it.  Though  referring  to  Agassiz's  observation  regarding 
''the  melting  snow  of  the  declining  glacial  epoch"  and  its  instni- 
mentality  in  forming  river  terraces,  he  adopted  as  more  plauvsible  the 
idea  first  announcc^d  by  Toumey  to  the  effect  that  the  southern  drift 
may  have  been  formed  in  consociuence  of  the  sudden  melting  of  the 
northern  glaciers,  ''such  as  would  have  resulted  from  a  first  rapid 
depression  of  so  large  a  mass  of  ice  below  the  snow  line.""  At  first  the 
flood  action  would  be  violent,  ])roducing  the  deep  erosion  of  the  under- 
lying formations  and  the  transportation  and  redeposition  in  mass  of 
their  materials.  After  the  first  rush,  the  stratified  deposits  would  he 
formed,  mingled  with  more  oi  less  bowlder  material  from  floating  ice. 
The  influx  of  cold  water  from  the  north  would,  he  thought,  account 
for  the  absence  of  signs  of  life  in  the  deposits.  The  '"grandly  simple 
means  of  a  single  elevation  and  red(»pression  in  the  northern  latitudes 
*  *  *  will  ecjually  satisfy  the  conditions  required  for  the  forma- 
tion of  the  western  and  southern  drift.'' 

W.  (■.  Kerr,  who  succeeded  Professor  Ennnons  as  State  geologist  of 
North  Carolina,  received  his  commission  <m  April  4,  1866,  and  con- 
tinued in  service  until  the  time  of  his  death,  in  1SS5, 

Kerr's  Qeoloirlcal  tt-        •  n  •    i^  i        •         i    •        t 

Work  in  North  His  hrst  Keix)rt  of  rroij^rcss,  submitted  \n  Januarv, 

Carolina,  1866  1869.    .        ^  *  i  ^  .  i  .    i      i* 

186  <,  wjis  an  octiivo  volume  of  5(>  pages,  m  which  the 
])ur})oses  of  the  survey  were  s<*t  f<^rth  and  a  sunnnary  of  the  geology 
of  the  western  ])art  of  the  State  given,  so  far  as  known.     The  rocks  of 
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this  western  area  were  regarded  as  beloiijjfinj^  '*  to  the  most  ancient  of 
the  Azoic  series,''  and  to  have  }>een  above  sea  hnel  since  very  ancient 
times.  As  with  his  predecessors,  Kerr  was  troul)led  to  account  for 
the  drift,  noting  that  while  it  occurred  far  l>eyond  the  limits  usually 
ascribed  toglaidal  action,  yet  there  were  *•  numerous  phenomena  which 
have  no  other  plausible  explanation." 

Kerr's  second  report,  submitted  in  186^,  was  of  ecjual  brevity,  but 
naturally  contained  more  of  the  results  of  the  author's  jx^rsonal  obser- 
vations, lie  noted  that  the  mountains,  plateaus,  and  valleys  of  the 
French  Broad  and  I.K)wer  Catawlm  areas  owed  '*  their  existence  and  all 
the  details  of  their  form  and  }K>sition  to  the  action  of  water,  the  basins 
*  *  *  l)eing  ♦  ♦  ♦  without  exception,  valleys  of  erosion,  hav- 
ing in  no  case  an  antit^linal  or  synclinal  origin."' 

The  entire  western  i)ortion  of  the  Stati*  he  considered  lus  consisting 
of  four  groups  or  formations,  tirst,  the — 

fherokw  slatei*  along  tht*  Smoky  Mountains,  on  the  north wi*Ht  lK)nler,  (MmniHting 
of  clay  tilat«»  and  8hak>fi,  sandstoni*?*,  grits,  congloniiTat^^s,  ami  linu^stoni-s;  H.'con<l, 
tho  Kunronibe  group,  otu-upying  tlu*  larger  iM>rtinn  of  tin*  grt'at  transniontani'  pla- 
teau lK»tw«*en  the  Blue  Hidge  and  Smoky  Mountains,  and  consisting  of  gneissie  and 
granitoid  roi'ks;  third,  the  Linville  slat«'s,  a  narrow  Ih'U  stret<'hing  for  the  most  jmrt 
along  the  Blue  Ridge  and  ('om|>osiHl,  like  the  first  gn>up,  of  s<Miiimetamorphi(*  argil- 
laceous nlates  and  shales,  samlstones,  limeetone,  an«l  gneiss<»id  grits;  fourth,  the 
IMc<lniont  gnmp,  gneiwie  and  granitoid. 

He  not<*d  further  that  thest*  four  groups  constituted  two  recurrences 
of  the  same  rocks,  in  the  same  order,  recalling  Rogers's  theory  of  redu- 
plication by  folding  and  overturns,  as  worked  out  in  Pennsylvania. 

John  L.  I^e  Oonte,  a  cousin  of  the  Joseph  Lc  (.'onte,  elsewhere 
noted,  is  known  to  science  mther  through  his  entomological  than  geo- 
iogii*al  writings.  Five  imfx^rsare  credited  to  his  pen  l>y  Darton  in  his 
joiiii  L.  LeCoatc*s  Catalogue  and  Index  of  North  American  (icology.  Of 
^^jJjJdsJJryey  thes<»,  the  uioht  imiK>rtant  and  the  only  one  that  need 
••*^-  here  be  consi(U»rcd  is  one  on  the  geology  of  the  surv(\v 

for  the  extension  of  the  Tnion  Pacitic  Railroad  from  the  Smokv  Hill 
River,  Kansas,  to  the  Rio  (tninde.  He  made  a  detailed  study  of  the 
coal  lieds,  and  on  the  Imsis  of  their  molluscan  remains  maintained  that 
Huch  were  of  (Vetaceous  age  nither  than  Tt»rtiarv,  as  riaimed  l>y 
I.«esquereux.  His  nnisoning  as  to  the  relativt*  value  of  iMjtanical  and 
nioUusi*an  n»mains  for  deti'rmining  the  age  of  ImmIs  is  worthy  of  note. 
He  wrote:  "The  difference  between  tin'  plants  of  our  early  ('n»taceous 
and  those  of  the  KuroiHMin  middh*  Tertiarv  could  Im»  asivrtained  <»nlv 
after  much  discuvMon  and  by  the  stnitigniphy  of  the  region,  and  wt» 
have  no  right  from  a  few  n»seinl»lanees  in  vegetables  to  infer  the  syn- 
chriMiism  either  t»f  the  west4»rn  lignit*'  l)e<ls  with  each  otln»r,  or  anv  of 
them  with  the  Kuro|N*an  F^HM»ne  an<l  Mi«MHMie,  except  when  siipjH>rled 
by  |iul(H)ntologi<*al  evidence  deriv«'d  fr<»m  animal  n^mains.**  In  this 
most  geologists  will  now  agree  with  him. 
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Le  Conte's  views,  a8  shown  in  this  report,  concerning  the  general 
development  of  the  western  poilion  of  the  continent,  indicated  an 
ability  to  deal  with  the  larger  problems  of  geology  in  a  philosophical 
and  highly  satisfactory  manner,  and  it  is  perhaps  to  be  regretted  that 
he  should  have  allowed  himself  to  be  drawn  off  into  other  pursuits. 
As  noted,  this  paper  was  the  most  important  of  his  geological  writings, 
as  it  was  also  the  last. 

The  second  geological  survey  of  Iowa  was  inaugurated  in  April, 
186^),  with  Dr.  Charles  A.  White  a.s  director,  and  Orestes  St.  John, 
principal  geological  assistant.     The  survey  continued  to  the  end  of 

1809,  results  being  published  in  the  form  of  two  n)yal 
iowi%f66M?69!      octavo  volumcs,  comprising  all  told  some  443  pages, 

with  a  colored  geological  map  of  the  entire  State. 

As  Hall  and  Whitne}'  had  devoted  a  large  portion  of  their  attention 
during  the  previous  survey  to  the  eastern  part  of  the  State,  so  White 
devoted  himself  mainly  to  an  investigation  of  the  phenomena  of  the 
western  part.  He  found  reason,  as  noted  in  his  introductory  letter  to 
the  governor,  to  discourage  all  exploitations  for  mineral  oils  or  precious 
metals  in  the  State,  and  also  pointed  out  the  hazard  of  exploring  for 
coal  l>eyond  the  northern  and  eastern  boundaries  of  the  coal  field  as 
designated  in  his  geological  map.  He  also  showed  that,  though  iron 
ore  of  a  good  qualit}'  had  frequently  been  found  in  the  State,  the 
deposits  were  always  limited.     In  all  of  these  points  he  was  correct. 

Considemble  attention  was  given  to  the  peat  deposits  and  an  esti- 
mate made  of  the  amount  of  material  within  the  State  limits  which 
could  be  utilized  for  fuel  purposes  should  occasion  demand. 

Among  the  phenomena  of  lesser  importance  he  called  attention  to 
the  moving  of  the  bowlders  on  the  shores  of  lakes  and  piling  them 
into  wall-like  masses  through  the  ex])ansive  action  of  the  freezinjr 
water.  The  so-called  Blurt'  deposit  he  considered  to  be  of  more  recent 
origin  than  the  drift,  and  referred  it  to  the  earliest  part  of  the  so-called 
Terrace  epoch,  the  material  composing  it  having  originated  by  fluvia- 
tile  erosion  innnediately  upon  the  close  of  the  (ilacial  epoch,  bein^' 
afterwards  deposited  as  a  lacustral  sediment  in  the  broad  depression  in 
the  surface  of  the  drift  left  by  the  retreating  glaciers.  He  differed 
entirelv  with  Whitnev  as  to  the  cause  of  the  abs(Mice  of  trees  in  the 
prairi(»  region,  and  felt  no  hesitation  in  declaring  that  the  real  cause 
of  the  existence  of  th(»  prairies  in  Iowa  was  the  recurrence  of  the 
annual  tires. 

lie  dividend  the  formations  of  the  State  into  Azoic,  Lower  Silurian, 
rpper  Silurian  and  Devonian,  Carboniferous,  and  Cretiiceous  systems, 
and  regarded  the  Sioux  Falls  quartzite,  with  its  associated  pijH»stone, 
as  belonging  to  the  Azoic.  The  Potsdam  sandstone,  which  he  fcmnd 
reaching  a  thickness  in  the  State  of  jii)out  SOO  fe(»t,  he  thought  to  be 
probai)ly  overlying  this  Sioux  ijuartzite.  This  view  is  generally  held 
to-dav. 
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Wliitc  ivgsinled  it  as  evident  that  there  was  no  hope  of  protitahh* 
lead  mining  within  the  limits  of  the  State  in  the  Lower  Magnesian 
limestone,  in  this  agreeing  with  Whitney  (p.  468).  For  the  so-called 
(Iiidson  River  shales  of  Hall  he  sul)stituted  the  name  of  Maquoketa 
shales.  All  the  Devonian  rocks  of  the  State  ho  referred  to  the  Ham- 
ilton j)eriod. 

He  found  a  strict  conformabilitv  in  ail  the  rocks  from  the  Potsdam 
siiiidstones  to  the  Keokuk  limestone,  inclusive,  but  ))etween  this  last 
and  the  rocks  of  the  Coal  Measures  an  unconformabilitv  and  also  one 
l>etween  the  St.  Louis  limest^)ne  and  the  older  formations  of  the  sub- 
Cretaceous  group.  Insteiul  of  there  being  only  one  formation  of  Car- 
l)oniferous  limestone,  as  had  Ix^en  generally  supposed,  White  claimed 
to  have  found  two,  each  i)ossessing  similar  lithological  but  different 
paleontological  characteristics,  the  one  overlying  and  the  other  under- 
lying the  (*oaI-producing  sti-atii. 

The  various  folds  found  in  the  strata  of  the  Iowa  nx'ks  ho  regarded 
as  all  having  taken  place  subsequent  to  the  deposition  of  the  latest 
strata  of  Carl>onif<»rous  age  and  iK^fore  any  of  those  of  Cretjiceous  agt» 
w(»re  deposited. 

The  gypsum  deposits  were  thought  to  be  presumably  of  Mesozoic 
ag4»  and  as  having  originated  through  chemical  precipitation  in  com- 
jianitively  still  waters  which  were  siiturat<Hl  with  sulphate  of  lime  and 
destitute  of  life.  The  fact  that  these  de|K)sits  contained  no  fossils 
n»ndeivd  the  exact  deti»rmi nation  of  their  geological  age  a  matter  of 
some  difficulty.  It  is  therefore  well  to  note  that  Keyes  in  his  re|K)rt 
in  l^*!♦5  refers  them  to  the  upper  jwrt  of  the  M<\sozoic  -the  Cretaceous." 

White,  it  should  1m»  noted,  had  in  ISJJO'"  descriln^d  in  considei-able 
detail  the  rocks  and  their  included  fossils  in  the  vicinity  of  Burling- 
t4>n,  Iowa.  He  identified  here  eight  lx»ds,  the  lower  six  of  which  he 
regarded  as  the  equivalent  of,  though  not  necessarily  contempora- 
neous with,  the  ( -hemung  of  New  York.  The  two  upjH^r  IkhIs,  which 
were  of  limestone,  he  regarded  as  Carl>oniferous,  though  he  remarkt»d 
that  the  line  drawn  lH»tween  the  two  formations  wjts  largt»ly  imagi- 
nary, indicating  merely  the  limit  wh(»re  the  Devonian  sjK^cies  ceasi»d  to 
pnnlominate  and  upward  from  which  the  Carlniniferous  sp<*cies 
flourished  in  full  force. 

It  was  suggest4»d  that  the  Devonian  s|KH»ies  might  have  originated 
at  the  east  and  migrat^nl  westwanl  during  the  time  that  the  l>ottom  of 
the(*henmng  s4»a  was  gradually  sinking  and  reiviving  the  de|>osits 
fonning  the  Old  Ked  sandstone,  thus  making  the  Devonian  rcK*ks 
("^luivaient  to  the  New  York  Chenmng  and  contemjHmuieous,  in  jmrt 
at  leH.*«t,  with  the  Old  Ked  Sandstone  of  the  Catskiil  .Mountains.'* 

"|{«*|M»rt  tif  thf  Stjitf*  <  t4i)l(»^ic:ii  Siirvi'V  of  lovta,  VII,  lSi«5. 
''ItiMton  Jminial  ..f  Natural  IfiMtMry,  VIII.  iH-V^-lsiKt,  pp.  •3V>-j:r>. 
<.\II  of  tlM*i*ix  ImmIx  tlwii  H!ip|»«»^t|  to  !»•  Ih'Vonian  are  dow roiniiioiil y  nviir<l«*«l  u^ 
U'loriiriiiic  t«>  the  \mim\  (^arlMniifiTou**  •  Kiii<l**rli4»ok  ). 
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I^ter  (ill  ISUfi)  Nilcs  iiiid  Wnclisiuuth  studied  the  upper  beds,  which 
liiid  liei-,oiiio.  known  us  th«  Burlington  liiiiestoiiR,  and  were  led  by  the 
criiioidnl  rcnuiiiis  to  regiird  the  two  divisions  us  two  independent  for- 
intition.s,  which  they  designiited  as  the  Ijowct  and  Upper  Burlington, 
a  sul)divi.sion  which  still  holds. 

Siilford^N  hiiul  report  on  the  geology  of  Tennessee  did  not  appear 
until  18fi!*,  having  l»eeii  delayed  by  the  incidents  of  the  civil  war.  It 
was  accompanied  by  a  col- 


ored geological  map  of  the 
State,  find  a  geolf^ical  -sec- 
tion,   un- 

Satlonl'i  FItuU  Report  ,  '  , 

on  the  Onkiay  of  (iolorcd, 

TeancMee.  1809.  ,.      ' 

extending 
from  the  Unaka  chain  on  the 
i^ast  of  the  Missisijippi,  and 
giving,  on  the  whole,  a  very 
comprehensive  and  easilyun- 
derstood  idea  of  the  physical 
geography  and  geology  of 
the  State,  as  well  as  its  eco- 
nomic resources.  He  here 
called  attention  to  the  fre- 
quent recurrence  of  the  same 
formation,  or  series  of  for- 
mations, met  with  in  cross- 
ing l-^t  Tennessee,  and 
iwcounted  for  the  pheuom- 
i-M!i  on  the  thei.ry  that  the 
lied  hud  Ix'en  thrown  into  a 
series  of  parallel  and  closely 
('onii)rossed  and  overturned 
folds,  the  crests  of  which  had 
wiiii,-,  i!ii-h  Kiiirri,  niiit     |„.on  subse<|uently  denuded 

(seep.  +8S). 
map  a  sot  ion  of  ihe  Ococc  conglomerate  was  put 
ill  I  hi'  top  of  I  he  A/oic  scries,  in  his  chapter  on  the 
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of  the  Tertiary  a.s  distinct  from  the  Oraiijj^e  sand,  this  latter  name 
liaving  lK»en  orit^inally  provisionally  applied  by  him  to  a  series  of 
strata  which  he  rejifarded  as,  for  the  most  part,  ecjuivalent  to  IIilgard\s 
northern  lignitic.  The  genemi  grouping  of  the  formations,  from  the 
Cretaceous  upward,  was  essentially  the  same  as  had  ))een  given  by 
him  in  a  previous  pai)er  in  the  American  Journal  of  Science  (18(>4), 
and  which  is  sis  follows,  l)eginning  at  the  l>ottom: 

1 .  CV)ffi»e  Hand Creta<*eou8. 

2.  (ireen  nand  or  the  nhell  IhnI Cretat'eous. 

3.  Ripley  group  ( pruvUional ) CretacHH>iifl. 

4.  Porter's  Creek  gnjiip  ( provisional ) Tertiary  (?) 

5.  Orange  »an<l  or  i^agrange  group Tertiary. 

6.  Bluff  lignite  ( provisional ) Tertiary  (?) 

7.  Bluff  gravel Post-Tertiary. 

8.  Bluff  loam Post-Tertiary. 

9.  Bottom  alluvium Modern. 

Fifteen  new  sj^cies  of  invertehrat**  fossils  were  descril)ed.  The 
work  do4\s  not  seem  to  have  attracted  much  attention  at  the  time,  and 
was  given  but  a  half-page  review  in  the  American  tJournal  of  Science 
for  that  vear.  In  this,  attention  was  merelv  called  to  the  fact  that  Saf- 
ford  differeJ  with  Hilgard  on  the  (juestion  of  the  age  of  the  Orange 
sand. 

In  lK*jji  E.  W.  IIilgard,acting  under  the  auspices  of  the  New  Orleans 
Academy  of  SiMenci's,  made  a  reconnaissance  of  l^uisiana,  a  summary 
of  the  results  of  which  was  published  in  the  Americjin  Journal  of  Sci- 

t»nc(»  for  lsr>ji.  The  ex|x»nse  of  the  trip  was  |)aid  partly 
IJiSjJJJi^SjSj*"     by  subscription  and  pjirtly  by  an  appropriation  l>y  the 

State  I^mnl  of  Inunigration,  and  the  time  limited  to 
thirtviiavs.  The  journev  (some  ♦J^;*)  miK»s)  was  made  mainlvon  horse- 
iMck,  passing  Petite  Anse  and  New  IlN^ria  on  the  Teche  l)y  way  of 
(>{Mdousas  to  I^you  Chi<*ot;  tln»nce  to  the  C-alcasieu  River,  down  that 
Htn»am  to  L:ike  Charh»s  and  the  sulphur  and  j)etroleum  wells,  on  the 
\V<\st  Fork  of  the  (  ah^jisieu  Kiver;  thence  north  to  Sabine  Town,  Texas; 
th4»nce  by  way  of  Many  to  Mansfield,  Ix>uisiana:  thence,  crossing  Ked 
Kiver  at  CViushatta  ('hute  landing  to  the  siilines  on  Saline  Ibiyou,  and 
thence,  by  way  of  Winntii»ld  and  Harrisonburg  on  the  Ouachita  Kiver, 
where  the  ex|KHlition  terminated.  Among  the  more  striking  results 
announced  wa-^  the  fact  that  the  (lulf  coast  has  in  late  Quat4»rmiry 
times  suffered  a  depression  to  the  t»xtent  of  at  least  IMM)  feet,  and  dur- 
ing the  TerracM*  e|KH-h  a  contniry  motion  to  the  extent  of  alxiut  half 
that  amount.  The  4H*currence  of  sulphur  and  gypsum  l>eds  was  als4) 
nottnl.  The  various  formati(»ns  were  descrilM»d  as:  TIh»  Port  IIu<Uon 
group,  the  Oningt*  sand  formation,  the  (irand  (lulf  formation,  the 
Vicksburg  group,  and  the  Mansfield  group. 

In  IMJH  the  geological  survey  of  Michigan,  whi<'h  had  Imk^u  lin>ught 
to  a  cioM*  in  ISCI  by  the  outbreak  of  the  civil  war,  was  resuscitated 
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through  an  act  of  the  legislature,  establishing  a  board  of  survey,  eon- 
si.sting  of  the  governor  of  the  State,  the  president  of  the  Ixxard  of 
education,  and  the  superintendent  of  public  instruction,  with  power 

to  select  geologists,  disburse  the  money  appropriated, 
M*iv«chllin^"869.    ^^^^  perform  other  necessary  acts.      Under  this  law 

Prof.  Alexander  Winchell  was  again  made  director,  and 
undertook  himself  the  investigation  of  the  Lower  Peninsula,  with  the 
assistance  of  his  brother  N.  H.  Winchell,  M.  W.  Harrington,  E.  A. 
Strong,  A.  M.  Wadsworth,  C.  B.  Ileadley,  A.  O.  Currier,  and  J.  H. 
Emerson.  Later  (1873-1876),  after  Winchell's  retirement,  C.  ROmin- 
ger  was  appointed  by  the  board  to  work  on  the  Lower  Peninsula  also, 
lo  Maj.  T.  B.  Brooks,  as  a  State  geologist,  was  assigned  the  survey 
of  the  iron  regions;  to  Raphael  Pumpelly  that  of  the  copper  regions 
of  the  Upper  Peninsula,  and  to  Carl  Rominger  a  study  of  the  Paleozoic 
rocks  and  their  associated  fossils.  Brooks's  report,  submitted  in  1873 
and  forming  part  one  of  the  first  volume  of  the  reports  of  this  survey, 
was  written  with  the  idea  of  making  it  '^  as  complete  a  manual  as  pos- 
sible of  information  relating  to  the  finding,  extracting,  transporting, 
and  sm(»lting  of  the  iron  ores  of  the  Lake  Superior  region. ■**  With 
this  in  view,  he  presented  in  the  order  here  given,  first,  an  historical 
sketch  of  the  discovery  and  development  of  the  iron  mines;  second, 
the  g<H)](>gy  of  the  Upper  Peninsula,  including  the  lithology;  thinl, 
the  geology  of  the  Maniuette  iron  region;  fourth,  the  geology  of  the 
MenomiiKM' iron  region;  fifth,  the  Lake  Gogebic  and  Montreal  River 
iron  ridge;  sixth,  a  cliapt(M'  on  explomtion  and  prospecting  for  oi"e; 
and  seventh,  the  magnetism  of  rocks  and  use  of  the  magnetic  needle  in 
exploring,  concluding  with  chapters  on  the  method  and  cost  of  mining 
specular  and  magnetic  ores  and  the  chemical  composition  of  the  ores. 
The  lithological  work  on  the  rocks  of  the  region  was  ptn'formed  by 
A.  A.  Julian,  of  New  York,  his  report  forming  the  second  volume 
(•Ji*S  pages)  of  the  survey. 

Brooks's  work  contained  scarcely  anything  of  a  speculative  nature 

and   but  little  as  to  th(»  origin  of  the  ores  themselves. 
Brooks's  Work.         With    reference  to  the  association  of   magnetic  and 

specular  ores,  ho  wrote: 

U  \\v  suppose  all  our  ores  to  have  ]h4Mi  oiico  magnetic,  and  that  the  re<i  8|>eciilar 
was  lirst  «lcriv(Ml  from  the  magnetite  ami  the  hydratcd  oxide  (noft  heniatit^tn)  in  turn 
from  it,  we  have  an  liypnthesis  which  l>est  exphiiiis  many  faet>*  an«l  will  1)0  of  use  to 
tlu'  explnrer. 

Again,  with  reference  to  tlu*  ore  of  the  Negaiinee  district: 

l!  we  sMppo<r  t(pi<l  alkahue  waters  to  have  j>ermeated  this  formation  and  to  have 
dissnUed  (Mil  thr  ^TcattT  p<  at  inn  of  the  siliceous  matter,  leaving  tlie  iron  oxide  in 
an  hydraled  earthy  con<liti<»n,  we  w(»uld  have  the  essential  character  exhibit^nt  }»y 
this  formation  as  developed  on  the  New  Knglaml,  Sa^'inaw  ranjie,  and,  as  will  Ik* 
seen  afterward,  at  the  Lake  Superior  mine.  This  is  offered  not  so  ninch  as  an 
hy]»othesis  to  ac<*ount  for  the  difference  ;js  to  illustrate  the  fa<'ts  ohseri'inl. 
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Tills  vWv,  m>  iiiodeHtly  put,  contairiN  in  it,  howflvt-r.  tliR  j;nrm  <if 
lliti  CO  114 -lux ions  arrived  at  l>y  Van  Hiso  .some  twerity-Hvo  years  later." 

He  noted  th«  monoclinal  character  of  the  <tep<)sit  at  the  Wiishington 
mine  property  in  the  Marquette  region,  and  de^crihed  the  ore  of  the 
l^akp  Superior  is|)ecular  an<l  heiiiatiti'  workings  and  the  Harnuiu  mine 
ns  occupying  the  ]x>sition  of  "the  frustum  of  a  hollow  cone  lyiii^ 
with  its  nxia  horizontal  and  its  small  end  toward  the  ea^t,"  which  had 
Iteen  cut  in  two  by  a  horizontal  plane  representing  the  surfatic  of  the 
frn>und. 

Other  points,  which  it  is  well  to  note,  sinre  Koiiiingcr  in  his  later 
report  had  occasion  to  disagree  with  him,  are  bis  rejfanliiiK  the  ores 
of  the  Cascade  Kanjre  as  the  equivalent  of  the'Micbigan  and  ni^netic 
ores  of  the  Mishignmi  district  and  as  older  than  any  of  the  iron  hetis 
in  the  Republic  Mountain  series;  and,  m'c- 
ond.  the  Feleh  Mountain  ore  deposit  as  )h-- 
longing  to  the  lower  (piartKite,  the  ore  itself 
resting  innnetlmtely  u[>on  aud  Iw-ing  1>ouiidi'<l 
on  the  south  )>y  hornlilendic,  micaceous,  and 
gneissi<-  rocks  which  are  undoubtedly  I^au- 
n-ntian.  Sul>s«-<|uentstudies  by  VVadsworth. 
Van  Uisi-,  and  others  have  shown  him  to  )>e 
snlislanliKlly  eorn><-t  in  tM»th  of  these  con- 
clusions. 

Ill  health  prevented  Br(M>ks  from  airry- 
ing  out  his  work  in  as  thorougli  a  manner 
us  he  wished,  and  his  U-lter  of  transuiittjil 
waK  written  fnnn  l<ondon.  he  having  gone 
ahnmd  to  recu|n'nite. 

ItriHiks.  Its  may  n^ailtly  ln'  infern'd,  was  an  eminently  pra<-tical  man. 
Indeed,  his  entire  training  was  of  a  practical  imtun>.  consisting  of  two 
yi-ars  at  the  School  of  Kngiiieering  of  I'nion  College  and  a  single 
course  of  liflnreson  geoh>gy  under  l^csley  at  thel'ni- 
Skcufe of  Bnoiu.  vcrsitv  of  Pennsylvania.  His  enrly  work  was  in  con- 
nection with  land  surveys,  but  after  his  n-tirement 
from  the  .\nny  in  the  fall  of  l^tU  lie  serveil  a  year  on  the  gcoh.giciil 
-iirvey  of  New  Jersey  under  Cotik,  and  then  in  isf>.">  Ix-ciime  vice- 
pn-sident  and  genemi  manager  of  the  Iron  Cliff  mine,  near  Negaunec, 
in  the  .Manineite  district  of  Michigan.  Here  he  la-gan  that  geological 
work  upon  which  is  mainly  liasi'd  his  n'jtutation.  The  dillicullii-s 
which  he  enc<mntered  were  such  as  can  Ih'  •^arcely  compn-hendetl  by 
those  who  have  not  visited  the  n'gion.  The  country  wiis.  much  of  it, 
heavily  fon-sted  and  -wampy  as  well.  Outcrops  were  few  and  i>erhaps 
wholly  oImwuhhI  by  the  drift  or  by  undei^rniwlh.     There  were  no  inai>s. 


"  Mw.iiKr«i.ti  S...  X  Will,  I".  S.  ( 
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or,  at  l)ost,  the  very  poor  ones  furnished  by  the  Land  Office,  no  rail 
roads,  and  transportation  was  limited  to  canoes  and  pack  animals. 
There  were  few  j)r()spect  holes  and  fewer  developed  mines.  To  these 
difficulties  were  added  the  complications  due  to  repeated  folding  and 
squeezing  which  the  beds  had  undergone.  Yet  Brooks,  by  his  per- 
sistency and  originality  in  methods,  succeeded  in  producing  a  work 
of  value  as  a  scientific  production  as  well  as  of  the  greatest  use  to  the 
piospector — a  rare  combination,  indeed — and  a  work  which  has  lH?en 
superseded  only  by  one  that  it  took  twenty  years  of  study  by  an  able 
corps  of  geologists  and  a  hundredfold  better  facilities  to  produce. 

Brooks  devised  the  dial  compass  and  adapted  the  dip  needle  to  the 
purposes  of  the  prospector.  Persistent  and  determined  to  suceeed  in 
spite  of  the  poverty  of  appropriations,  he  expended  over  $2,000  of  his 
own  means  and,  worst  of  all,  sapped  his  own  vitality  in  the  work  to  the 
extent  that  he  l)ecame  a  confirmed  invalid  before  reaching  middle  age. 

As  already  intimated,  his  health  gave  out  in  1873  and  he  sought 
relief  abroad,  residing  in  London  and  Dresden,  where  his  reports  were 
completed.  After  his  return  to  this  country  in  1876,  he  resided  at 
Monroe  and  New})urgh,  New  York,  and  after  1883,  during  the  winters, 
at  Bainbridge,  (leorgia,  living  the  life  of  a  country  gentleman  and 
farmer. 

Pumpelly's  work  in  the  copper  district  is  of  interest  on  account  of 


II  •  w   k       '^'^  theories  regarding  the  origin  of  the  copper  and  the 

in  Michigan 
1869-1873. 


l«^_<*«f?"'  ^^^^  ^^^^^  lithological  nature  of  the  copper- bearing  rocks. 

The  conclusions  at  which  he  arrived  were  as  follows: 


Kirst,  the  cuprifiM-oiihi  stTies  \va.s  fnnntvl  ]>efure  the  tilting  of  the  Huroniaii  IkhIf 
upon  which  it  rests  iontonnahly,  and  eonseijiiently  before  the  elevation  of  the  preat 
Azoic  area,  whose  existence  dnrin*;  the  Potsdam  jx'riml  preilet^Tniined  the  Silurian 
l»asins  of  Mi<'hi«:an  an<l  Lake  Sui>erior.  Second,  after  the  elevation  of  these  rocks 
and  after  they  had  assumed  their  essential  litholojrical  characteristics,  came  the  de[K> 
sition  of  tlie  samlstone  and  its  accompanying  shales,  as  products  of  the  erosion  of 
these  older  rocks,  and  cnntaininj;  f(>ssils  which  show  them  to  helonj;  to  the  I^iwer 
Sihirian,  thon«:h  it  is  still  uncertain  whether  they  should  be  referre<i  to  the  Pot«lam, 
Calciferous,  or  ('hazy.  • 

A  chapter  was  o;iveri  on  the  paragenesis  of  copper  and  itsasso<*iates. 
With  reference  to  these  sui)jects  he  wrote*: 

It  is  still  an  open  «|uesti<)n  whether  the  trap  which  formed  the  ijarent  rock  of  the 
mela]»hyr  was  an  eruptive  or  a  j)nrely  metamorphii;  rock.  If  it  wa.s  eruptive,  it  was 
spread  over  the  bottom  of  the  sea  in  Invlsof  jjreat  regularity  and  with  intervals  which 
wt^re  occupie<l  by  the  deposition  of  the  be<ls  of  conghunerate  and  sandstones.  It 
shoidd  seem  j)robable  that  the  coj»per  in  the  melaphyrs  was  derive<l  by  con (!ent ra- 
tion from  the  whole  thickness  of  the  sedimentary  mend)er8  of  the  group,  including 
the  thousands  of  feet  of  sainlstones,  conglomerates,  and  shales  which  overlie  the 
melaphyrs,  and  including  melaphyrs  alwj. 

The  translocation  he  regar(l<»d  as  having  l)een  initiated  by  the  sul- 
phat<'  of  copper  resulting  from  the  oxidation  of  the  sulphide,  but  as 
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this  salt  must  havo  l)eoii  soon  decomix)sed  by  tlie  ahiuulant  acid  car- 
}M)naU'  of  liiiio,  ho  could  not  sup}M)so  it  to  have  l)oen  otfcctual  in  tho 
tinal  concentration  of  the  larj^e  de]x>sits,  and  he  thought  it  more  prol)- 
a))le  that  this  hist  was  lU'complished  }»y  the  more  jwrmanent  solution 
of  carbonate*  and  silicate  of  copper. 

Pumpelly  was  assisttxl  hy  A.  R.  Marvine,  L.  P.  Emerson,  and  S.  B. 
I^idd. 

Rominger's  report  on  the  Paleozoic  rocks  of  the  Upper  Peninsuhi 
formed  part  3  of  the  third  volume  of  the  Survey  reports  (1878).  His 
siM'ond  appeared  in  187^)^  forming  one  of  the  four  large  (K*tavo  volumes 

of  the  Survey,  comprising  altogether  some  386  pages, 
In'  MichiKui,  187J-    with  55  plates  of  fossils,  and  a  colored  geological  map 

of  the  area  surveyed.  The  geological  portion  cont4uns 
a  record  of  the  characteristic  rocks,  their  geographical  distribution, 
and  the  fossils  they  contain.  It  is  to  l)e  noted  that  Rominger  showed 
a  dis|>osition  to  disagree  in  many  of  his  conclusions  with  Winchell, 
Brooks,  and  others  who  had  pivce<led  him. 

The  presence  of  large  l>owlders  in  the  midst  or  on  top  of  well-strati  tied 
drift  layers  he  conceiv(Ml  to  l)e  due  to  the  tninsiK)rtation  of  the  material 
by  means  of  swimming  icel)ergs  during  periods  of  flood.  In  this  ho 
agreed,  substantially,  with  Dawson,  of  the  Canadian  Survey.  The 
dolomites  of  the  Ida  quarries,  which  Winchell  identifled  as  l)elonging 
with  the  Onondaga  salt  group  (Upper  Silurian),  he  considered  as  Upfx^r 
IIelderl)erg  (Middle  Devonian),  and  he  stated  that  the  mapping  l»y 
Winchell  of  Upjn^r  Helderl)erg  rwks  throughout  a  great  porticm  of 
Cass,  Van  Buren,  and  all  over  Ik^rrien  County,  was  an  error.  He  als<j 
diifered  with  Winchell  regarding  the  stratigraphic  position  of  the 
Hamilton  rocks  of  Big  Traverse  Bay.  WinchelFs  Huron  shales  he 
considere<l  from  imleontological  evidence,  to  lx»  identical  with  the 
Cuyahoga  shales  of  the  Ohio  geologists,  and,  therefore,  In^longing  to 
the  lower  part  of  the  CarlH>niferous  nither  than  the  UpjH'r  Devonian. 
He  also  accused  Winchell  of  a  |)eculiar  stratigraphi«*  blunder  in  pre- 
|Hiri ng  a  section  west  of  Flat  R<K*k: 

I'll  fort  iiiiaU*lv  thin  mH'iinii  in  laid  iutohh  a  Hvndinal  undnlatioii  nf  tlic  fonnation, 
an«l  l»«*innH  at  ont*  vnd  with  th«*  Kaiiii*  hm'U  IhmIh  (  Marnliall  HandHtoiie^,  wliirh  mi  the 
other  <»n<l  art*  found  very  near  t\w  l)aM».  I'ihUt  tht»  iiiipn>«?-ion  that  ht*  wjf<  all  the 
wtiih*  <le»Hvntliiii;,  hi*  Htandn  afirain  on  the  hori/^m  from  whirh  he  htarttMl. 

The  salt  brines  of  the  State,  ai'cording  to  Rominger,  ar<»  derived 
from  HK'ks  of  the  Waverly  group,  and  not  from  those  of  a  higlu»r 
horizon,  which  Winchell  had  designated  as  the  Michigiin  salt  group. 

Rominger  also  made  n»i)orts  on  s<»ils,  Iniilding  stones,  and  slate 
<jiiarries,  and  on  the  Ontonagon  silver  mining  district.  What  is  jwr- 
hai>H  the  most  valuable  jMirt  of  the  re|H>rt  is  that  n»lating  to  the  fossil 
corals-  which  wa^i.  for  its  time,  unsur|)u.sstKl. 


r»40 


REPORT   OP   NATIONAL   MnSRUM,   1904, 


Suli.sc<|uontIy  (IHSl)  Roiiiiiiyi^r,  still  ai-tiii^;  as  h  State  geolo}ri>t 
(lH7«-lH8i'),  issued  a  rejwrt  on  the  Up{>er  Peiiiii»uiu,  which  dealt 
almost  entirely  with  the.  economic  problem's  of  the  iron  region. 

He  rcgardetl  the  region  about  Marquette  as — 
a  HyncliiMil  trougli  of  granite  wliii-h,  l>y  the  upheaval  of  itf  northern  and  noutbrm 
nian^iu',  uanHcil  the  incloHiire  of  tlie  in('iinii)ent  KtHlitni^ntary  Htralu  1)etween  itf  waNr 
anil  their  shniiltontsiuH  uplift  ami  currutcatiims  intii  parallel   folilu  liy  tlie  lateral 
l>rewinn>  from  itH  ripiiiK  Hiid  apprriachinK  e'l^tt. 

Concerning  the  origin  of  the  iron  ores  of  the  Upper  Peninsula,  he 
wrote: 

The»-  ore  <lepc«itH  are  not  regtilar  seilimentary  layers  originally  formed  of  iron 
nxide  in  a  ftate  of  purity,  l>nt  are  i^viJently  the  product  of  deconipoirition  of  tlie 
iiiipurttr  tiiixt^l  ferruginiius  led)>t^H  liy  percolating  water,  leachiiiK  out  the  ailiivoiu 
tiiattf  r  anil  n-plaiiiuK  it  by  the  di>position  of  oxide  of  iron  held  in  w>lution. 

This  view  is  not  greatly  different  from  the  cotclu»ion  reached  by 
BrookM,  as  already  noted,  and  subse<|uenUy 
by  Van  Mise. 

r^^k  His  views  as  to  the  origin  of  serpentinous 

^B  rocks  were  not  at  all  elear.     Writing  with 

^k  partieular  reference  to  those  of   Presqiie 

^•^  ^^  Isle,  he  n'innrked  that  they  occur — 

^fiierally  in  bulky,  nontitratifled  maaBeii  which,  if 


igitiated  from  mechanical  eetliuientary 
liy  oheiiiical  ai^tiiin  mi  completfty  tranr- 
effaw  all  trac'CH  of  their  former  detrilal 


.-.-.mditii. 


liominger,  in  hi«  first  report,  that  on  the  Paleozoic  ro<'k,s  of  the 
fop|>er  <listrirt,  took  thi-  ground  that  the  Silurian  age  of  the  I.)ike 

Supeiiiir  siinilstone  whs  iiiiei)uivoially  proved  by  it*  stratigraphical 
IMisition.  'I'hi-:  is  the  view  now  geneniliy  held,  though  the  P()tsdaiii 
jieriiHl,  ti)  which  (he  lieds  iire  referred,  is  now  considered  as  the  upper 
IMirt  of  the  Ciiinbriiin  insti-ad  of  the  l»wer  Silurian,  as  at  that  date. 

KouiinL'er's  ciircei'.  like  that  of  Les<niereux  and  others  that  might 

be  mentioned,  olb-rs  an  interesting  illusti-ation  of  the 

Sketch  oi  Rominscr.  difii(  111  ties    with    wliiih    the  early    naturalists  had    to 

(■(intend,  partiiiilarly  when   foreigners  and   but  little 

acquainted  with  the  lungiiage  of  their  adopted  country. 

Hcirii  ill  Wurteinberg.  he  ciinie  to  America  in  iS4H  on  account  of  revo- 
lutionary disttirliarnes.  mid  without  previous  proimration.  Though 
triiiiied  as  a  phy-ician  an<l  geologist,  yet  his  poor  conmiand  of  Eng- 
lish ill'  fi'it  c>.\(-lNd<'<l  hini  from  assix-iating  with  scientific  men.  and, 
lM>ing  without   tiniituial   resources.  In-  estalilished  himself  an  a  physi- 
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cian  in  Cincinnati,  a  city  containing  a  largo  German  population, 
Here  he  remained  for  twenty-five  years,  improving  him.self  in  the 
language  and  devoting  what  time  could  ))e  spared  from  his  profes- 
sional duties  to  the  study  of  {mleontology  and  geology.  In  1870, 
through  the  influence  of  James  Hall  and  others,  he  was  appointtKi  one 
of  the  geologists  of  the  Michigan  survey  under  Winchell,  ultimately 
himself  1  wc< mi ing  director,  in  w^iich  position  he  remained  until  1883, 
when,  under  a  new  administration,  he  was  removed  to  make  room 
for  another. 

His  bibliography,  although  not  numerous,  is  important,  particularly 
that  relating  to  paleontological  matters.  It  had  ))een  his  intention  to 
continue  his  work  on  the  fossil  corals,  l)ut  the  political  changers  al)ove 
mentioned  prevented.  The  edition  of  his  work  issued  l»y  the  State 
Innng  insufMcient  to  supply  the  demand,  Rominger  had  prinUnl  250 
copies  at  a  jx^rsonal  expense  of  $4,75  each,  hoping  to  be  able  to  sell 
them  at  least  for  the  same  figure.  But  this  proved  impossible,  and  he 
suffered  a  direct  loss  therebv  of  not  less  than  J?8(M). 

A  second  geological  survey  of  Ohio  was  inaugurated  in  l8f)J>,  and 
J.  S.  NewlH»rrv  appointed  chief  geologist.  This  survey  was  contimied 
in  oi)eration  until  1878,  when  it  was  discontinued,  owing  to  a  disagree- 
ment l)etwe<»n   Dr.  Newl>erry  and   t\w  h»gislature  (see 

ovShSTtM^il^s,    V'  -^^^l^  ^^y  withholding  the  appropriations. 

During  the  pi^riml  of  its  existence  two  annual  re|H)rts 
and  four  volumes  of  a  final  report  were  published,  the  latest  bearing 
on  the  title-i)ag(»  the  date  of  18.S2.  Of  these  the  first  volume  was 
given  up  to  geology,"  the  second  and  third  to  jMileontology,  and  the 
fourth  to  z(K»logy  and  Iwtany.  The  first  volume  was,  howevt»r,  IssuihI 
in  t^o  parts,  of  which  Part  I  only  was  strictly  geological,  and  Part  II 
|Hileontological.  A  third  paleontological  volume  to  1m»  devoted  to  tht» 
('ttrlH)niferous  flora  was  projected  but  never  ap|x»an»d,  owing  to  failure 
of  the  h»gislature  to  make  the  necessary  appropriations. 

NewlM»rry'sprinci|>al  assistants  in  18*>1»  were  K.  H.  Andrews,  Kdward 
Orton  (who  afterwards  Iw^came  State  geologist),  and  John  II.  Klippart. 
In  ls7o  till*  force  was  increased  by  the  employment  of  T.  (i .  Wormley 
lis  chemist,  and  (i.  K.  (iillM»rt,  M.  C  Read,  Henry  Newton,  and  W.  B. 
potter  as  Km-jiI  assistants.  As  one  of  the  results  of  their  investigations 
it  was  announ(*ed  that  th«' so-calbnl  CTitT  Iim<»st4)ne  had  Imm'u  n^solved 
into  M»ven  distinct  formations  In^longing  to  the  two  gn»at  geological 
"^y-^tem^  -the  Df»vonian  and  rp|)erSilurian.  The  discovery  of  ( )riskany 
^tndstone  in  th<»  northwest  quarter  of  the  State  was  announ<-ed  and 
iIm*  (  arlH)niferous  age  of  the  r<H'ks  of  the  Waveriy  group  thought  to 
have  Ijoen  established  on  imleontological  evidence.  This  has,  however, 
Immmi  siiir4»  shown  to  1m»  erroni»ou>. 

'  \ii  itlitioh  of  L'.iNlii  riipitTi  of  thbi  n*|M»rt  uus  print***!  in  the  (i<*riii:iii  lan^ua^*',  hh 
wtTf  »\mt  thf  unniial  rvjiiirti*  of  K4»gi*n4'H  Simry  of  IViinHvlvania. 
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Beginning  with  the  later  Tertiary  times,  the  following  sequence  of 
events  was  establisheii: 

(a)  In  the  Miocene  and  Pliocene  epochs  a  continent  seveiul  hundred 
feet  lower  than  now,  the  ocean  reaching  to  Louisville  and  Iowa,  with 
a  subtropical  climate  prevailing  over  the  lake  region,  the  climate  of 
Greenland  and  Alaska  being  as  mild  as  that  of  southern  Ohio  is  now, 
while  herds  of  gigantic  mammals  ranged  over  the  plains. 

(h)  A  preglacial  epoch  of  gradual  continental  elevation  which  cul- 
rtiinated  in  the  glacial  epoch,  when  the  climate  of  Ohio  was  similar  to 
that  of  (jreenlaiid  at  present,  and  glaciers  covered  a  large  part  of  the 
surface  down  to  the  parallel  of  fort}^  degrees. 

(<)  This  period  was  followed  b}'  another  interval  of  continental  sub- 
sidence characterized  ))y  a  warmer  climate  and  melting  of  the  glacier:? 
and  ))v  inland  fresh- water  seas  tilling  the  lake  basin,  and  in  which 
were  deposited  the  Erie  and  Chaniplain  clays,  sands,  and  bowlders. 

{(/)  Another  epoch  of  elevation  which  is  still  in  progress. 

Much  attention  was  given  to  economic  geology  and  the  study  of  the 
coal  ))ed^.  From  analyses  it  was  shown  that  the  change  from  woody 
tissues  to  peat  or  lignite,  and  thence  to  bituminous  and  anthracite  coal 
and  plumbago  consisted  in  the  evolution  of  a  portion  of  the  carbon, 
hydrogen,  and  oxygen,  leaving  a  consbmtly  increasing  percentage  of 
carbon  behind.  This  evolution  Newberry  conceived  to  he  due  to  the 
disturbances  which  resulted  in  the  uplifting  of  the  mountain  chains 
and  metamorphosed  the  included  rocks. 

Tlie  coal  beds  of  Ohio,  it  should  be  noted,  were  considered  as 
always  having  been  separated  from  those  of  Illinois  by  the  Cincin- 
nati anticline.  This  Cincinnati  uplift  or  arch  was,  in  the  report  for 
1(S(>1K  r(»ganlcd  as  lia\  ing  forincnl  a  land  surface  over  a  considerable 
portion  of  its  length  at  least  (luring  the  earlier  and  probably  through- 
out all  the  Devonian  ages.  Later,  in  discussing  the  work  of  Orton 
in  Adams  Countv.  Newberrv  wrote: 

IliMH'  we  liavc  an  iinliibitabU'  record  of  tlie  elevation  of  the  (Mneinnati  an*h  })etween 
the  rpjM-r  an«l  Lower  Silurian  a^es,  an<l  ]>roof  that  it  is  far  older  than  the  Apj»ala- 
ehian  system,  with  wliich  it  lias  been  connnonly  asscxMated, 

The  (•arbonac(M)iis  matter  of  the  Huron  shales  was  suggested  a-s 
])robjil>ly  duo  to  an  abundance  of  seawec^ds  which  flourished  in  a  kind 
of  Saragossji  scmi  whieli  (XHUpied  that  region  during  the  f)eriod  of 
deposition. 

The  petroleiun  and  gas  tilling  the  cavities  and  interstices  in  the 
sandstones  and  conglouHM'ates  in  the*  Oil  Cr(M*k  region  were  regarded 
as  not  indigenous  to  those  rocks,  but  ratluM*  as  originating  in  the 
lower-lviuir  Iluronian  shales,  from  whenc(»  tliev  had  been  forced 
upward  by  hydrostatic  pi'essure. 

The  (loloniiti<'  iharacter  of  tin*  rocks  of  the  (Minton,  Niagjini,  and 
AVater-lime  series  was  ascri))ed  to  "a  vital  rather  than  a  chemical  or 
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iiitu  tilis  liikt-  tliroii^'h  the 


pliVHioai  cause."  and  tlie  ot-ciirrence  of  a  lai^e  iwrcentjijjp  of  iim^iu'sm 
ill  tlie  hard  party  of  sumo  groups  of  inaritii'  invcrtwlirak-s,  aw  Itu-  Milli- 
poros,  cited  as  a  possible  cxplaiiiitioii  of  the  orifrin  of  Hir  rink,  in  tliis 
following  a  suggestion  made  by  Dana  in  the  i-ejxirt  <)f  tbe  Wilkes 
Exploring  Expedition. 

The  sheet  of  day  and  bowlders  wliioh  was  found  dirc<itly  overlying 
the  polished  isurface  of  the  rocks  over  so  large  a  part  of  the  State,  and 
which  is  now  known  as  till  and  h<iwlder  elay.  was  deserilied  nndt-r  the 
name  of  glacial  drift,  while  the  loowi'  Iwwlders  which  are  indiscrimi- 
nately scattered  over  the  State,  frequently  resting  on  the  fine  stniti- 
tied  clays,  were  known  under  the  name  of  "  icelierg  drift." 

Newberry  conceived  that,  during  the  latter  jiart  of  the  glacial  period, 
a  great  inland  s»'a  of  fresh  water  tilled  the  Idisins  iH-fore  occupied  by  ice, 
the  northern  shore  of  which  was  formed  by  the  ice  wall  »l  the  foot  of 
the  glacier.  The  mud  whi<:h  was  brought  i 
grinding  action  of  the  glacier  and  there  de- 
[Ktsited  formed  the  .so-called  Erie  days. 

Fi>r  the  nK-ks  of  the  so-called  hful  Hi,,.- 
,if"»i  series  of  the  early  gcoUigieal  surveys 
he  adopte<l  the  name  Cincinimti  group,  as 
tirst  appliiKl  by  Meek  and  W'orthen.  The 
gyjjsum  of  the  Salina  group  was  n'ganied  us 
pivcipitated  in  continuous  sheets  and  not  to 
have  resulteil  from  a  change  in  (he  ordinary 
limestones  by  sulphuric  acid,  as  had  been 
claimed  for  the  gypsum  l>eds  of  New  York. 
This  is  the  view  now  connnonly  accepted. 

It  ap[)ears  that  Colonel  Whittlesey   was 
an  Hspimnt  for  the  )>ositi<m  of  State  geolo-         ki.i. -\;-jii„h., H-i,iiii,~.y. 
gist  at  the  timet>f  \ewl>erry'sapjM»inlinent. 

and  to  judge  from  the  tone  of  an  article  by  Newlwrry  |>ublisliiil  in  the 
Cim-innati  Cnnnnereial." adopted  rather  unfair  means  to  throw  disi-redit 
u[Min  the  latter's  work.     In  his  reply  NewlH-rry  wa> 


Cotnnttny ,  lll70. 


I   hi- 


wn  >|ualiticutions  for  the  work.  Whilth-sey  was  t<M>  ol<l 
and  in  too  i>oor  li.-alth  to  do  good  work,  and  als<i  that  he  was  not  ago<H) 
gMilogist;  that,  further,  he  hekl  to  certain  geological  heresies  whi<'h 
would  inijtair  his  work:  that  he  iH'licvetl  in  the  mineral  origin  of  coal, 
and  that  tlie  brown  hematite  ores  of  the  AMeghenieswere  interstrntilied 
with  the  liuu'stones  instead  of  being  nn-re  jKH-kets.  He  further<'laimed 
that  Whittlesey  wart  no  jitileontoh^isl,  and  without  paleonlology  no 
man  eould  tM>  a  giHHl  ge.dogist.  .\s  an  illu^tnitiou  of  hi-  dcticiencv 
in  this  H'sju'ct.  NewlxTry  refernil  to  hi-  ( Whittlesey '-^f  |>!ij>cr  on  the 
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Equivalency  of  the  Rocks  of  Northeastern  Ohio,  in  which  he  identified 
certain  roc^ks  as  equivalent  with  the  Chemung,  Portage,  and  Hamilton 
groups,  of  New  York,  on  paleontological  grounds,  whereas  in  fact 
every  one  of  the  twelve  species  of  fossils  on  which  this  identification 
was  based  was  wrongly  named,  the  fossils  actually  being  wholly  of 
Carboniferous  age. 

Dr.  K.  Andrews,  who  was  one  of  Newberry's  assistants  on  the  Ohio 
geological  survey,  in  the  American  Journal  of  Science  for  1869,  wrote 
on  the  western  bowlder  drift,  and  took  the  ground  that  the  fresh-water 

submergence  which  deposited  the  loess  was  not  a  con- 

Andrews's  View*  on.  ./.ii.i..  i  -i 

the  Glacial  Drift,        tinuation  of  the  drift  action,  but  was  m  that  regrion 

1869. 

separated  from  it  by  a  tranquil  period  during  which 
the  rivers  were  down  within  their  banks.  As  a  whole,  the  western 
drift  was,  he  thought — 

beyond  all  question  a  stratified  water  deposit.  A  study  of  the  cliffs  eroded  by  the 
lakes,  showing  both  modified  and  unniodifie<l  drift,  has  obliged  those  western  geolo- 
gists most  familiar  with  the  sections  to  abandon  the  glacial  theory  and  admit  that 
the  b<j wider  drift  of  this  region  is  altogether  an  aqueous  deposit,  though  the  waters 
floated  vast  iiuan titles  of  ice. 

He  described  the  occurrence  of  bowlders  of  loose  gravel,  sometimes 
3  feet  in  diameter,  in  the  clay  passed  through  in  digging  the  tunnel 
under  the  lake  for  the  Chicago  waterworks  extension.  Such  he 
regarded  as  masses  of  frozen  gravel  dropped  from  floating  ice.  With 
reference  to  the  gravel  deposits  on  the  peninsula  between  Green  Bay 
and  Lake  Michigan,  covering  an  area  of  4,000  square  miles,  he 
w  rote : 

Tlie  Htratitied  character  oi  tlic  gravel  *  *  *  is  on  the  whole  t<K)  evident  to 
admit  of  any  possil)le  ihmbt.  *  *  *  It  would  seem  to  be  an  unavoidable  infer- 
ence that  our  drift  of  this  regi(»n  not  only  came  from  the  iK»rth,  but  it  came  in  a 
va.st  sweej)  of  water  (le<'j>  enough  to  cover  gravel  hills  more  than  800  feet  high,  and 
with  velocity  enough  to  throw  such  coarse  material  into  lofty  steeps  and  summits. 

Again,  concerning  tlu^  absfMice  of  drift  on  the  north  slope  of  the 
Laiiroiitiiin  hills  and  the  scratched  and  ''pounded''  aspect  of  the 
region,  he  wrote: 

We  seem,  therefore,  to  have  testimony  that  the  drift  action  for  a  thousand  miles 
ea>t  and  west  along  the  Laurentian  crest  and  to  an  unknown  distance  north  of  il 
was  too  violent  to  a<lmit  of  drift  deiK)sits,  even  the  bowlders  being  swept  off. 

The  finer  character  of  the  material  in  northern  and  centi^al  Illinois 
he  thought  to  b(»  due  to  the  less  violent  rush  of  the  waters.  These 
waters  he  imagined  to  have  been  drawn  oil'  suddenly  after  the  dei)o- 
sition  of  the  Orange  loam,  thus  accounting  for  the  absence  of  beach 
lines. 

These  views  are  not  (|uite  those  of  Newberry  himself,  as  expressed 
in  a  paper  before  the  New  York  Lyceum  in  iSTo.  From  facts  ol)served 
in  the  basin  of  the  (ireat  Lakes  and  the  Valley  of  the  Mississippi,  he 
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argued  that,  synchronously  with  the  glacial  epoch  of  Europe,  the 
northern  half  of  North  America  had  a  climate  comparable  with  that  of 

(Jreenland,  and  that,  as  a  result,  glaciers  were  formed, 
ontbeDrift.VsTlo.  ^^^  direction  of  flow  of  which  corresponded  in  a  gen- 
eral way  with  the  present  drainage  channels.  The 
Lower  Mississippi  he  looked  upon  as  a  "  half -drowned  river" — that  is, 
one  with  its  lower  channel  deeply  submerged  and  silted  up,  an  unmis- 
takable proof  that  at  that  period  the  country  stood  at  a  considerably 
greater  elevation  than  at  present. 

The  trough  of  the  Mississippi,  to  his  mind,  was  simply  a  valley  of 
erosion  which,  since  the  close  of  the  Carboniferous  period,  had  been 
tniversed  by  a  river  which  drained  the  area  of  the  northern  Mississippi, 
the  Ohio,  and  the  Tennessee,  and,  since  the  Miocene  pericKl,  the  Mis- 
souri, Arkansas,  and  the  Red  rivers  as  well.  Through  alternate  eleva- 
tion and  depression  the  mouth  of  the  stream  had  varied  its  position 
from  time  to  time  to  the  amount  of  a  thousand  miles,  the  final  long- 
continued  depression  lieing  the  primary  cause  of  the  climatic  amelio- 
ration which  brought  the  glacial  period  to  an  end. 

The  tine  l>lue-gray  and  highly  plastic  so-called  Erie  clays  and  their 
accompanying  sands  and  bowlders  were  to  him  due  to  floating  icebergs 
during  a  period  of  continental  depression  and  great  inland  seas, 
deposited,  in  fact,  just  as  similar  materials  are  conceived  as  now  being 
scattered  over  the  sea  l>ottoms  about  Newfoundland. 

If  we  restore  in  iniat^ination  thin  inland  8ea,  which  we  have  pn)ve<l  once  fille<i  the 
bsKin  of  the  Iaki*8,  K^A^'l^iAlly  di^placinj?  the  n*treating  Kla^*>**rH»  ^'**  ^^  inevitahly  le<l 
to  A  time  in  the  liistory  of  thlH  rt»gion  when  thenouthem  Hhore  of  this  w«  wa**  foriniMl 
by  the  highlan<lH  of  Ohio,  et<'.,  the  northern  nhore  a  wall  of  ice  ri*Htinj;  on  the  hills 
of  crystal  line  and  trapfK'an  nx'ks  al)out  I>ake  Sufierior  and  I^ke  llnron. 

From  this  ice  wall  nianHen  niu»t  from  time  to  time  have  U*en  deta<*he<l,  junt  as  they 
are  n(»w  detache<i  fn)m  the  Humhohlt  );lacier,  and  floate<i  off  i^outhwani  with  the 
current,  bearin^^  in  their  >?raf>p  sand,  gravel,  and  bowlders — whatever  comi)oHt*<i  the 
l)ea«*h  from  which  they  Haile<l.  Five  huixlred  milw  south  they  groundiMl  u|Km  the 
southern  shore — the  highlands  of  now  western  New  York,  Pennsylvania,  and  Ohio, 
or  the  shallows  of  the  prairie  n*gion  of  Indiana,  Illinois,  and  Iowa.  Then*  melting 
away  and  <Iepoeiting  their  entire  loads,  as  I  have  sometim<*s  kmmi  them,  a  thousand 
or  mon*  liowlders  on  afewarn.'S,  resting  on  the  Krie  clays  and  l4M)king  in  the  distance* 
like  fltN'ks  i>f  sheep,  or  <lrop|»ing  here  ami  there  a  st4me  an<l  floating  on  east  or  went 
till  wholly  dissipated. 

The  loe.ss,  as  one  would  naturally  exi)ect  from  the  foregoing,  was 
looked  u]K)n  as  the  finer  sediment  depositee!  in  the  quiet  waters  of  one 
of  these  inland  seas,  to  which  the  iceU^rgs  had  no  access.  The  lake 
^lasins,  with  the  exception  of  that  of  I^ke  Suj^^rior,  which  is  a  syn- 
clinal tn>ugh,  wen*  regarded  as  excavated  by  glacial  action  and  once 
niticli  dee])cr  than  n<»w,  having  iNMuune  |>artially  tilled  with  drift 
de|)osits  as  they  gradually  emergiKl.  Tem|H)rarv  |muscs  in  the  iM»ricKl 
of  uplift  would  give  time  for  wave  action,  and  thus  would  Im»  fornxHi 
tiie  t4*rracet<  and  ancient  Umches  so  conunonly  found  in  the  lake  regions. 
!CAT  Mm  IIKM 36 
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Newberry  was  succeeded  as  State  geologist  b\^  Edward  Orton,  who 
had  previousl}'  acted  as  chief  assistant.     During  Orton's  administra- 
tion certain  "pardonable errors  in  identitication,"  which  left  the  stratig- 
raphy of  the  coal  series  of  Ohio  in  an  almost  hopele«« 

Orton**  Appointment        *    ,  ^     i        tt       i  i  ^i         ..         •  i  .     i 

as  State  Oeoioffist.     taugle,  Were  corrected.     He  showed  the  strati^raphical 

order  of  the  lower  Coal  Measures  of  Ohio  to  }>e  com- 
pletely in  harmony  with  that  of  Penns^^lvania  and  that  the  entire  series 
could  be  traced  from  the  eastern  margin  of  the  State  clear  across  the 
same  to  Kentucky.  This  is  regarded  by  White,  Orton's  biographer, 
as  the  masterpiece  of  Doctor  Orton's  purely  geological  work,  although 
his  contributions  to  the  geology  of  petroleum  and  natural  ^ra^  in  the 
sixth  volume,  1888,  are  of  almost  equal  importance. 

Orton's  work  during  his  whole  life  was  largely  of  an  economic  char- 
acter, the  more  important  and  comprehensive  publications  being  Vol- 
umes V  (1884)  and  VI  (1888)  on  the  Economic  Geology  of  Ohio,  his 
Report  on  Petroleum  and  Gas  in  Ohio  (1890),  and  the  Report  on  the 
Occurrence  of  Petroleum,  Natural  Gas,  and  Asphalt  Rock  in  West- 
ern Kentucky  (1891).  He  also  had  an  important  paper  on  the  Trenton 
limestone  as  a  source  of  petroleum  and  inflammable  gas  in  Ohio  and 
Indiana,  in  the  Kighth  Annual  Reix>rt  of  the  U.  S.  Geological  Sur\-ey 
(1886-87).  Aside  from  his  record  as  president  of  the  university  and 
a  teacher,  Orton  will  be  best  remembered  for  his  work  on  the  sub- 
jects of  gas  and  petroleum,  although  in  his  report  on  the  third  geo- 
logical district  he  makes  important  observations  on  the  Cincinnati 
uplift  or  axis,  showing  it  to  have  been  a  slow  and  gradual  formation 
resultin*^'-  in  a  gtMitle  flexure  in  the  eartlfs  crust  involving  the  Lower 
and  Upper  Silurian  jind,  to  some  c^xtent,  the  Devonian  f onnations  of 
the  State.     In  his  own  words,  his  conclusions  were  as  follows: 

Kirst,  the  (Miuiiniati  axis  in  southern  Ohio  was  raise<i  alK)ve  the  sea  at  the  end  of 
thi*  l»hie  limestoTie  ])orio(l,  or  ci'rtiiiiily  early  in  tht*  history  of  the  Clinton  epot^h. 
Stvoml,  it  nn<h'r\vtMit  various  oscillations,  Imt  the  elevatory  movements  succeeileii 
thosi'  of  (Impression,     Third,  the  n\\i'  of  movement  was  exceedingly  slow. 

His  views  on  the  orl^cial  period,  expressed  briefly  and  in  his  own 
words,  were  as  follows: 

The  followini;  threefold  divisions  of  j:lacial  time  may  he  connideitHi  as  <lenion- 
strated:  First,  an  ai;<*  of  general  elevation  of  n(>rthern  land  aceompanie<l  by  inten.'^e 
<'old  and  the  fnnnation  of  extensive  continental  j;laciers.  Sirond,  a  general  ilepro- 
sion  of  the  land  with  the  return  of  a  mil<ler  climate.  Third,  a  partial  reelevation 
of  the  lan<l  and  a  partial  return  of  the  cold  climate,  pnKlncing  local  glaciers  and 
icc'lK^rgs. 

Orton  was  born  in  Delaware  Count v.  New  York,  and  educated  at 
Hamilton  College^  graduating  in  lsr>0.  lie  subsequently  studied 
at  Harvard  and  then  entered  the  Andover  ThiH^loefical  Seininarv, 
})eino-  licensed  to  preach  in  1855,  and  soon  after  onhiined  as  pastor 
of  the  Pnvsbvterian  Church  at  Downsville.  Delaware  Count v.  New 
York.     He  resigned  this  position  in  order  that  he  might  a<*cept  that 
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of  prof(»s.s<)r  of  natural  sciences  in  the  New  York  State  Normal  School 
at  Albany.  Becoming  convinced,  however,  that  his  t^mdually  chang- 
ing views  on  religious  matters  were  such  that  he 
Sketch  of  orton.  could  not  conscieutiouslv  continue  to  hold  this  posi- 
tion, he  resigned  it,  and  accepted  the  principalship 
of  an  academy  at  Chester,  in  Orange  County,  the  same  Stat<». 

In  isr»5  he  In^cami^  principal  of  the  preparatory  department  of 
Antioch  (>>llege  in  Ohio,  then  professor  of  natural  sciences,  and 
afterwards  president  of  the  same  institution. 

His  active  work  as  a  g(»ologist  received  its  tirst  recognition  in  1801), 
when  he  was  apjK)inted  Newl)erry\s  assistant.  In  1S78  he  was  made 
president  of  the  new  Agricultural  and  Nlechanical  College,  founded 
under  the  Morrill  act,  and  also  took  charge  of  the  chair  of  geology  in 
the  siime  institution.  L'nder  his  efficient  administnition,  which  laste<l 
until  ISSI,  the  institution  prospered  and  finally  developed  into  the 
Ohio  State*  Tniversitv. 

In  1SS2,  after  his  voluntarv  retirement  from  the  State  Tniversitv, 
the  geological  survey  was  organized  and  Orton  made  State  geologist, 
a  |)<)sition  he  continu<»d  to  hold  until  the*  time  of  his  deathin  ISIM). 

Orton  iM'longed  to  the  generation  beginning  work  immediately  after 
the  «'ivil  war  and,  according  to  his  biographer,  always  leaned  toward 
the  application  of  the  science  to  tho  lH»netit  of  his  fellow  men.  ""He 
was  painstaking  and  exact  in  o!)servation,  scrupulous  in  statement, 
cauti<»us  in  speculation."  He  was  one  of  the  tirst  to  recognize  the 
]M>»i)>ility  of  the  exhausticm  of  the  supply  of  |K»troleum  and  natural 
ga>.  and  to  issue  api)eals  to  th(»  jMH)ple  of  Ohio,  urging  (*are  in  hus- 
l>anding  th(»ir  r<*sources.  But  these  were  not  received  in  the  spirit  in 
which  thcv  wcn»  offered,  and  he  had  the  melancholv  satisfaction  of 
MM»ing  his  forelK)dings  justified  hy  the  event. 

Bv  those  who  knew  hin  Orton  will  l)e  remcMubercd  as  alwavs  a  man 
of  |x»rfe4*t  courtesy,  dignified,  a  little  stately,  and  never  effusive.  His 
life  was  full  of  <*onsidenite  and  helpful  kindness  mcnlest  and  retiring 
to  an  unusual  <legree,  and  yet  one  of  the  few  men  to  whom  honors 
romc  notwithstanding.  In  ISIU  he  suffenHl  from  a  |Ninilyti<'  stroke 
which  <'ost  him  the  entire  loss  of  the  use  of  the  left  hand,  vet  he  <»on- 
tinufMi  to  t4*a<>h  and  to  work  until  almost  the  last  hour  of  his  lif<*.  Vov 
«'ight  years  he  had  l<M)ked  u[)on  death  as  a  thing  momentarily  t4)  In' 
exiH»cted.     H<»  met  it   bravelv,  <*heerfullv,  and  f(»arlesslv  on  ()<'tober 

In  lst;<»  the  fourth  attempt  at  a  systematic  g<'ological  surv«»v  of 
In<^iana  was  made,  the  api)ointment  as  State  geologist  going  this  time 
to  K.  T.  Cox.  heretofore  known  to  g<H)logical  fame  only  thr<»ugh  hi> 
work  while  as>istant  to  Owen  in  Keiituekv  ami  vVrkansas  in  is.v;  lst;n. 

Animal  re|>orts  wwv  issued  for  eaeh  of  the  t«'n  years  which  marked 
the  life  of  this  survey.     Tlios4»  of   lsr»i»  and   isl2   were  ac<*om|Ninie<l 
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by  comity  maps,  tliuugh  no  goolotjieal  map  of  the  State  in  its  entirely 
wa-s  furnislied.  A  colored  section  across  the  State  from  Greencastle 
to  Terre  Haute  accompanied  the  report  for  1869. 

(k)X  was  assisted  during  the  entire  or  a  part  of  the  time  by  Frank  IL 
Bradley,  Rufus  Kaymond,  (i.  M.  Lcvette,  B.  C.  Hobbs,  K.  B,  Warder, 
W.'W.  Borden,  M.  N.  EIrod,  John  Collett,  and  E.  S. 
t^\m^"a^U79.  Mclntire,  the  fos-sil  flora  being  described  by  Leo  Les- 
quereux  and  the  fauna  of  Wyandotte  Cave  by  £.  D. 
Cope.  Zoological  and  botanical  8iil)iects  were  treated  by  D.  S.  Jordui, 
J.  M.  Coulter,  and  J.  Schenk. 

These  reports  as  a  whole  contained  little  new  or  impressive.  In  the 
eighth,  which  was  tlio  most  comprehensive  thus  far  issued.  Cox  him- 
self culled  attention  to  the  fact  that  the  geological  history  of  the  State 
'^appears  tame  and  devoid  of  the  mar\'elous  interest  which  attaches  to 
uiiiny  other  regions,  and  thiit  there  is  not  a  single  true  fault  or  upward 
or  downward  break  or  displacement  of  the 
stnitji  thus  far  discovered."  The  oldest 
rm-ks  of  the  State  were  found  in  the  south- 
ern [Kirtion,  extending  from  the  Ohio  Biver 
near  the  ntouthof  Fourteen  Mile  Creek  to 
the  oasteni  twundary  line.  These  are  the 
so-called  Hudson  River  rocks  of  HaU.  whicb 
Cox  (■orrelatcd  with  Safford's  Nashrilie 
group,  and  which  Worthen  and  Meek  had 
iiit'luded  under  the  name  of  Cincinunti 
group,  lie  regaitied  the  Silurian  strata  a- 
uplifti'd,  not  bya  local  disturbance,  but  "by 
an  elevating  force  that  acte<i  very  slowly 
and  extending  over  the  entire  centni!  anii 

" "  of  the  Tnited  States.'"     The  seat  of  greatest 

force,  he  thought,  however,  was  not  limited  to  southwestern  Ohii>, 
but  was  to  Im'  l<ioked  for  in  Kentucky. 

Cox  ticcejited  the  genenil  theory  of  glacial  drift  as  at  present  imder- 
st^ioii.  luxl  conceived  that  the  climatic  changes  might  be  due  to  thf 
ii'lativi'  |)ositi(m  of  land  and  water,  possibly  a  change  in  the  course  »( 
the  (iiilf  Stream,  lie  could  tind  no  evidence  of  a  subsidence  of  tin' 
laud  to  terminiite  the  glacial  period,  nor  could  he  find  in  Ohio,  Indi 
ana.  or  IlliTiois  anylliing  to  militate  against  tiie  commeucement  of  a 
glacial  iM'riod  in  Tertiary  tilings  and  its  continuation — 

lotfl.'iil  niitililiKiiB.     ity  tiK'si i>l>iti<-rl  iii.i-iic'ii'F>it.-1itit;  thr<>ti)-li  time  the  tnoiiiilai:: 

liiiiiK-  lit  til.-  ulH.'iiT  wii."  ('Ill  ilowii  iiti.l  ^i  tii'neral  IfVi'liii).'  <>f  tin-  IhikI  took  \.]a.-,: 

This  ,-nggcsti(Hi  that  tlic  glacial  ejjoch  worked  out  its  own  destruc- 
tion tiirough  a  priK-cs^  ()f  leveling,  wlicn'liy  the  altitu<ies  which  g.ivf 
it  birth  were  so  far  reduced  tiiat  glaciers  could  no  h)nger  exist.  \- 
unique  and,  so  far  as  the  pi-esent  writer  is  aware,  original  with  Cox. 
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Upon  the  rccominend«iion  of  LfOgiin,  Dr.  A.  R,  C.  Selwj'n,  an  Eng- 

li.shDmii,  for  .scvcnil  years  coniieirted  with  the  geological  survey  of 

(ireat  Krilain  iindfr  Dc  la  Be<^'ho,  ami  front  1852  until  ISCttdinn-tor  of 

the  geological  survey  of  Victoria,  AuHtnilin,  w«.s,  ujHin 

BrMwyn.  the  letirenieiit  of  the  tirMt  named,  nntde  director  of  the 

geological  survey  of  Canada.  In  this  capacity  Selwyn 
•*rvod  for  twenty-live  years,  or  until  18y4.  He  was  assisted  by 
H.  H,  Ami,  Elbanah  Billing^,  and  J.  F.  Whiteaves,  palcontologistN; 
Robert  Bell,  George  M.  Dawson,  James  Riehanlson,  and  .1.  B.  Tyr- 
rell, geologists,  and  B.  J.  Harrington  and  T.  Sterry  Hunt,  ehemisK 
W  ith  this  efficient  coi-ps  the  work  of  tiic  -sur- 
vey was  pushed  vigorously,  hnt.  extending 
as  it  did  iMjyond  the  time  limits  laid  down 
for  this  sketch,  it  can  lie  touchitl  n)K«i  but 
hrielly. 

During  the  i)eriod  of  his  administration 
twenty  large  annual  rejiortHwere  issued  and 
nine  volumes  on  jtalcontology  and  paleo- 
Ijotany.  The  work  of  the  survey  was  pushed 
westward  us  far  as  British  C'ohitnbia.  and 
though  ever  with  economic  ends  in  vi<'w. 
niu<-h  was  accomplished  in  the  way  of  pure 
seienee.  The  gold  tields  of  Nova  Scotia 
were  investigiited  and  tlie  silver  dej>osits  of  Km-  m— Aifn-i  Ruiwrf  c.cii 
Thunder    Bay,  on-  Lake    Superior.      The  s.iw>n. 

stnitigrapbic  prohlenis  involved  in  Ixtgan's  ■'QhoIhh-  group"  also 
revived  attention.  His  aim  fnmi  the  start,  as  stalini  by  one  of  his 
biographers,  was  to  nmke  the  survey  an  eminently  pmctical  depart- 
ment in  whii-h  the  records  of  the  mines  and  mineral  statistics  .should 
In-  kept  for  the  use  of  l>oth  the  I'arlianient  and  the  public. 

Selwyn  is  pictured  to  »s  as  a  siholar  of  rare  ability,  soi'ial.  amiable, 
and  cliivalroud  in  private  life,  but  a  strict  dis<-iplinarian;  tall,  gntee- 
f  ul,  quick,  and  alert,  of  a  rather  high.'<trung  and  nervous  dis{K>sition, 
and  with  a  keen  and  o)i.s(>rvant  eye.  His  bibliography  consists  mainly 
of  .short  papers  and  summaries  published  in  connection  with  his  official 
rc|)ortt*. 
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CHAPTER    VII. 

THE  ERA  OF  NATIONAL  SURVEYS  OR  FIFTH  ERA  OF  STATE 

SURVEYS,  1870-X879. 

The  jHM'iod  of  the  civil  war  hud  brought  to  light  a  considerable  / 
nunibrr  of  men  for  whom  the  piping  times  of  pea4*e,  even  when  varied 
by  Indian  outbreaks  in  the  West,  afforded  insufficient  op|H)rtunities. 
They  were  men  in  whom  the  times  had  developed  a  iK)wer  of  orgjin- 
ization  and  command.  They  were,  moreover,  men  of  counige  to  the 
point  of  daring.  It  was  !)ut  natural,  therefore,  i>articularly  when  the 
necessity  for  militiiry  routes  in  the  West  and  public  land  questions 
were  taken  into  consid<»rati(m,  that  such  should  turn  their  attention 
toward  w<'stern  exploration.  Further,  the  surveys  made  in  the  third 
decade,  in  comiection  with  routes  for  the  Pacific  railroads,  and  the 
work  done  bv  Evans,  Ilavden,  and  Meek  in  the  Bad  I^nds  of  the  Mis- 
souri,  had  whetted  the  desires  of  numerous  investigators.  Willing 
workers  w<'re  abundant  and  Congress  not  difficult  to  persuade^  into 
granting  the  necessary  funds.  Hence  exj)edition  after  expedition  was 
organized  and  sent  out,  some  purely  military,  some  military  and  geo- 
gniphii",  witii  geology  only  incidental,  and  oth(»rs  for  the  avowed  pur- 
jH»e  of  geological  research. 

rnd«»rsuch  <>onditions  was  inaugunited  the  work  which  culminated,  / 
in    1>71»,  in  the  organization  of  the  [)n»sent  V.  S.  (leological  Suivey, 
which,  for  bn^adth  of  scojh*  and  finan(*ial  nssoun^es,  is  without  coun- 
terpart in  the  world's  hi>torv  of  s<*icnce. 

The  more  important  of  the  expeditions  alnive  referred  to,  as  will  Ih»  ^ 
S4»en,  wen»  Ilayden's  (leological  Surveys  of  the  Territories;  King's 
(leological  Survey  of  the  Fortieth   Parallel;  Powell's  Surveys  of  the 
(inmd  (  anyon  of  the  Colorado  and  adjacent  regions;  and  Wheeler's 
(leogniphical  Surveys  West  of  the  One-hundnnlth  Meridian. 

Th(vs(>  exiM'ditions  demanded  men  in  the  prime  of  life  and  iKKii)^* 
vigor  men  who  <*ould  endure  ex{M)>ure  and  fatigue  and,  if  nec(\ssarv, 
fa<-c  danger.  It  is  a  natural  consequence  that  there  sIkhiIiI  Im»  found 
among  the  workers  many  nam<\s  and  faces  whi<*h  have  not  lM»retofore 
apiHMin»d  in  our  chronicles.  Among  those  who  ap|M>ar  now,  if  not  for 
the  fir.Ht  time,  at  least  for  the  first  time  prominently,  mention  may  Ih»  ^ 
miideof  ('.  K.  Ihitton,  S.  K.  Knnnons.  (i.  K.  (lilln^rt,  Arnold  Hague, 
W.  H.  Holme.H,  (Man^nn'  King,  ().  (\  Marsh,  \.  \i.  Marvine,  A.  (\ 
Pi»al«'.  •!.  W.  Powell,  I.  (\  Uusm>I1,  Orestes  St.  John,  J.  J.  Stevenson,' 
and  K.  P.  Whitfield. 
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Although  tills  wii.1  a  pori<Ki  of  yreat  activity  on  the  part  of  the  Gen- 
eral (Jove  run  lent,  State  and  proviucial  governments  were  hy  no  meHiis 
([iiiesccnt.     Irnixirtant  work  was  being  done  by  T.  0.  Chaml»erlin  in 
Wisconsin,  .1.  W.  Dawson  in  Nova  Scotia, 


HW.  C.  Kerr  in  North  Carolina,  Eugene  A. 
Smith  in  Alabama,  and  J.  D.  Whitney  in 
California.  There  were  alijoorganizedasec- 
ond  geological  survey  of  Pennsylvania,  witli 
J,  P.  Lesley  at  its  head,  and  a  geolt^cal 
and  niitunil  history  survey  of  Minnesota, 
under  N.  II.  Winchell.  Both  of  these  last- 
named  organ ization?)  continued  their  work 
beyond  the  period  of  the  limit  set  for  this 
history.  An  attempt  at  establishing  a  geo- 
logical Hitrvp}'  of  (roorgia  in  1874  resulted  in 
the  appointment  of  George  Little  as  State 
F,o  8."j-G«orBoLitiic.  geologist  aiid  the  subsequent  issuance  of  two 

rp|)()rts  comprising  altogether  but  52  pages. 
In  1870  (?)  John  Murrish  wiis  appaint<>d  by  Governor  Lucius  Fair- 
child,  of  Wisconsin,  commissioner  (»f  the  survey  of  the  lead  district  of 
that  State.    Murrish  was,  ac<ovding  U<  his  own  statement,  "a  practical 
man"  and  had  .served  an  apprenticeship  in  the  mines 
of  Cornwall,  going  through  the  regular  course  of  prac- 
tical training  for  a  miner's  occnpution  and  a  miner'.s 
I'nder  these  conditions,  it  is  i>erhaps  scfircely  ju.it  to  compare 
ritings  with  those  of  men  wlio  Imve  liad  better  opportunities  and 


life. 


Ncvertholess,   as   he   had   tc   .h.   with   the 


training. 

important  mining  region,  it  is  impossible  lo 

Tndcr  tlie  title  of  Report  of  the  <lco- 
logicfil  Survey  of  the  Lead  Hcgioi 
rish  published  his  „bsen-iUions  in  t 
of  a  piunphlel  of  il.")  piiges,  in  w 
>^'t  forth  his  views  of  ibe  various 
ical  pbenoincnii.  He  t  bought  to  h 
covered  that  the  lend-benring  tissiii 
grouped  into  riinges,  the  vnrious 
forming  them.selves  into  f<.iir  well 
belts  nuniing  luii-nllel  to  eaeb  ()tlie 
lead  veins,  according  to  his  theories,  oci-iir- 
i-ed  ul.)ng  the  elevation  of  the  land  running 
in  ageiierally  north-atid-south direction,  the 
elevation  itself  being  "a  line  of  physical 
disturbance."  Concerning  thechanicler  of 
this  physical  di-lurliance  be  was  not  |>erfe 
regard  it  as  due  ro  an  active  volcanic  distu 
the  ordinary  meaning  of  the  ti-rnis. 


of  an 
:  the  work  here. 


ear,  Itut  he  did  not 
;  nor  earthquakes  in 
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IIo  described  yink  holes  and  what  are  evidently  stylolites,  the  true 
character  of  which  he  did  not  recognize,  but  regarded  as  doubtless 
«lue  to  the  same  physical  disturbances.  The  elevation  referred  to  and 
the  Ix^lts  of  mineral  land  in  the  district  were  formed,  he  conceived, 
from  groups  of  fissures  or  faults  in  the  Plutoni<'.  and  Azoic  rocks 
beneath,  which  W(»re  themselves  produced  by  mechanical  forces  evi- 
dently generated  by  internal  he^t.  Water  entering  between  the  beds 
would  percolate  downward  through  these  lines  of  fracture,  w^here  it 
would  come  in  contact  with  intensely  heated  matter  under  a  pressure 
of  several  hundred  feet  of  overlying  rock.  If  the  temperature  was 
sufficient  the  water  would  })e  converted  into  steam  or  elastic  vapor, 
which  might  possess  sufficient  mechanical  power  to  bring  about  the 
elevation.  During  the  early  formation  of  the  stratified  rocks,  partic- 
ularly the  Potsdam  sandstone,  the  resistance  to  this  expansive  force 
would  be  compamtively  little,  since  vent  for  the  steam  would  be  easily 
found  through  the  loosely  accumulated  sand;  but  as  la}  er  after  layer 
was  added  to  the  strata  and  the  more  compact  limestone  began  to  form 
and  harden  al)ove  it,  resistance  would  increase  until  to  overcome  it  a 
general  lifting  of  the  strata  would  take  place,  by  which  escape  would 
be  effected  through  fissures  in  the  rock  along  the  line  of  those  original 
faults  in  the  Plutonic  rocks  l)elow. 

A  microscopic  examination  of  the  sand  grains  from  the  disintegrated 
Potsdam  sandstone  having  revealed  the  crystalline  nature  of  the  gran- 
ules, due,  as  we  now  know%  to  the  deposition  of  interstitial  silica,  he  con- 
ceived, as  did  Whitney  (p.  460),  that  the  entire  deposit  was  of  chemical 
origin. 

Supposing  Iceland  should  Ije  submerged  to  a  considerable  depth  beneath  the 
o<*ean,  and  those  plains  situated  alK)ut  30  miles  from  that  noted  volcano  Hecla, 
known  now  to  be  full  of  heated  springs,  steaming  fissures,  and  boiling  geysers, 
whose  waters  hold  a  large  amount  of  silic^i  in  solution  that  is  now  l)eing  (lei)osited 
on  the  8urfa<.*e  around  those  places,  were  pouring  their  waters  into  the  ocean  above, 
should  we  not  have  there  on  a  small  scale  what  perhaps  existed  on  a  very  large  scale 
during  oiu*  sandstone  formation? 

Perhaps  so.     Who  shall  sa}  ? 

Like  many  men  of  slight  training,  Murrish  failed  to  give  proper 
weight  to  the  evidence  gathered  and  was  led  into  many  errors,  the 
most  serious  of  which  was  that  of  assuming  that  the  Lower  Magneslan 
limestone  might  prove  to  be  an  ore-bearing  stratum — this  in  spite  of 
the  opinion  to  the  contrary  held  by  Hall,  Whitney,  and  others. 

During  the  summer  of  1870  O.  C.  Marsh,  professor  of  paleontology^ 
in  Yale  (College,  l)egan  a  series  of  scientific  expeditions  into  the  western 

part  of  the  United  States,  having  for  his  primary  object 
BxpSitH^tlVo.^     the  collection  of  vertebrate  fossil  remains.    The  results 

of  these  expeditions  soon  placed  Marsh  among  the 
leading  vertebrate  paleontologists  of  the  world. 
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The  Middle  West,  it  should  be  reniernltered,  was  at  that  time  an 
almost  unknown  territory,  traversed  hv  but  a  single  railroad  (the 
Union  Pacific),  and  much  of  it  rendered  unsafe  for  the  white  man 
through  rovinff  bands  of  Indians,  necessitating  miUtar)-  escort  in 
many  instances. 

The  tirst  expedition  explored  the  Pliocene  deposits  of  Nebraska,  the 
Miocene  <if  northern  Colorado,  and  the  Eocene  of  the  Bridger  Basin 
in  Wyoming  and  the  Uinta  Ba^in  of  Utjih.  These  expeditions  were 
.supported  largely  at  Professor  Marsh's  private  expense,  until  tho 
organization  in  1879  of  the  U.  S.  Geological  Survey  under  Powell, 
shortly  after  ^vhich  Marsh  was  appointed  a  United  (States  paleontolo- 
gist, though  atill  drawing  upon  his  own  resources  when  necessary  or 
when,  in  his  opinion,  it  became  advisable  in  order  that  new  discoveries 
might  become  inmiediately  available. 

lender  these  joint  agencies  there  was  brought  together  the  mass 
of   material    now   forming   the  vertebrate 

E     collections  at  Yale  University  and  the  ex- 
tensive  Marsh  collection  in   the   National 
Museum  in  Wtishlngton,  which  has  formed 
the   liasis   for  the   luimorous   monographs 
and  papers  included  in  Marsh's  extensive 
l.il.liogiiiphy. 
Tiip  most  noted  of  his  early  discoveries 
\v:is  thtit  of    the  t-«)thed    liird.s,   Odontor- 
nithcs  (Hespcrornisand  Iclithyomls).  which 
formed  the  l):i>is  of  a  monogniph  publi-ihcd 
iji    ls,Sit.      Ba>cd  on  hilcr  discoveries  were 
hi^  nioiiogtiilih- oil  the  Diriocemta  and  the 
r[ii..s7.-i).hiii,inmri,.M,ii-.ii        extnioriliriiiry    dinostinria,     of    which    ihe 
AnchisHiinis,      HroTitusaiinis.      Laosiiuni>. 
('ernt()sauru--^.  CuniptosaiiriLs,  StcgosiULriis,  ( 'lao.^iiLinis,  and  Triccrntops 
are  the  best  kiiown  reprcM'iitiitives. 

March's  cojiiieiti..]!  with  llie  United  StiU.'s  Wurv<>v  cuntiiuied  up  to 
tlie  tim.^  of  his  dciith.  wiii.-h  took  plui'e  in  March.  IW.-l.  and  much  of 
his  work  hiy  be.v<.nd  ihe  time  limits  of  this  history. 

Iril.sTiiiigaiii  the  let^risjiitiu'eof  Missimri  passed  an  act  for  thecstal)- 

lishment  ,>(  a  miniiifr  biin-uu.  ihe  board  of  c.mtrol  of  which  was  to  \>c 

composed  of    the  jjovernor  and   nine  mcmliers,  one  from  each  U<iii- 

gressi<inul  district.      Ui>om    this   Iniurd  was  conferred 

M'SS^riTisTo"        ""'  IM'wcrof  appointing  a  State  geologist,  the  choice 

for  which  fell  upon  Allwrt  llager,  of  Vermont. 

Hager's  term  of  service  was,  however,  .short,  and  but  one  i-ei>ort  of 

progress  published,  owing  to  a  disagreement  with  the  board.     This 

rei>ort  dealt  largely  with   the  condition  of  tlii^  survey  at  the  time  he 

took  charge.     It  would  iijipear  that,  since  the  sus|»ension  of  Swallow's 
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survey  in  18()1,  the  collections  and  other  materials,  the  property  of 
th«»  survey,  had  l>ecn  stored  in  the  University  building  at  Columbia, 
which  was  at  one*  time  in  the  ix)ssession  of  armed  troops,  and  the 
niatt»rials  suff(»red  accordingly,  as  would  naturallv  Iw  expected.  Ho 
found,  however,  reports  of  H.  F.  Shumard  made  during  the  work  of 
Swallow's  survey,  in  a  fairly  coniplete  condition.  These  were  on  the 
counties  of  Crawford,  Clark,  Cape  Gimrdeau,  Phelps,  Ste.  (lenevic^ve, 
Ozark,  Douglas,  Perry,  Jeflferson,  Laclede,  Pulaski,  and  Wright. 
The  reports  of  Swallow  and  Meek  were  also  in  a  satisfactory  condi- 
tion. It  is  statcnl,  too,  that  h«»  obtained  nmch  material  relating  to  the 
former  surveys  from  Shumard  and  Swallow,  with  apparently  the 
intention  of  editing  their  notes  and  publishing  them.  So  far  as  known, 
however,  nothing  was  done,  and  on  March  IS  the  law  governing  the 
luireau  was  amended.  Dr.  J.  G.  Norwood,  who  with  Dr.  C.  M.  Litton 
had  lM»en  one  of  Hager's  assistants,  remained  temporarily  in  charge  of 
the  affairs  of  the  survey  from  September  1,  1S71,  until  November 
of  the  same  year,  when  K.  Pumpt^lly  was  placed  at  the  head  of  the 
orgjuiizjition.  Norwood,  during  his  brief  period  of  authority,  was 
assisted  bv  (i.  C.  Broadhead  and  C.  M.  Litton. 

Cnder  the  management  of  Pum|H»lly  there  were  issued  in  lHl:\  two 
volumes  of  re|H)rts,  the  first  a  royal  octavo  of  82;")  pages  which  con- 
tained all  <»f  the  *"pn»viously  unpublish(»d  material"  that   had  been 

tninsmitted  to  him  by  earlier  workers  on  the  geological 
^mSS^A  fwTT*^  survey  of  Missouri.     This  comprised  the*  reports  of 

Broadhead,  Meek,  and  Shumard,  and  contained  eight 
geological  maps  of  counties  and  numerous  sections. 

In  this  sjime  yt^ar  there  was  publishe*!,  also  under  the  .supervision  of 
Pum|H»lly,  a  preliminary  rejHirt  on  the  iron  ores  and  coal  fields,  form- 
ing a  volume  of  440  pages  and  VM)  illustrations  in  the  t4»xt,  with  a  large 
folio  atlas  of  IT)  sheets.  Pumjxdiy  was  assisted  in  the  pre|mnition  of 
this  work  by  (i.  C  Broadhead,  W.  B.  Pott^'r,  Adolph  S<*hmidt,  and 
C.  »l.  Norw<MKl  as  geologists;  and  Kegis  (,'hauvenet,  chemist.  Other 
as^i^tance  was  rendered  hy  W.  K.  (luy,  J.  R.  (lage,  and  .Jackson 
I^'onard. 

In  the  n^jMirt  on  the  iron  an<l  <'oal,  Pumpelly  s<»ems  directly  resjwn- 
^\hU*  only  for  the  ideas  advanccnl  in  the  first  2.S  pages.  It  Is  worthy 
of  note  that  even  at  this  late  date  Pumpelly  s<*em8  to  have  regarded 
the  |>orphvrie>  of  Pilot  Knob  and  adjacent  regions  as  s(»dimentary 
nnks.     He  wrote: 

Th«*  |Mir|ihyricx  arc  oldiT  than  the  Sihirian  aii<l  )H*lon^  t4>  the  An^hfan  (Azoir) 
foniiatioii  u(  whu'h  tlivy  may  U»  thi*  ytninj»<i«t  ineinlHT  in  MiMMmri.  •  »  »  Tliey 
an*  •'tRititic*!  on  an  iiiinicnM*  hiiIc,  but  owin^  to  tht*  rarity  of  inti*n'tratitie<i  KhIh  of 
i»th«-r  nH'k**  thf*  unniVflioK  <>f  the  internal  i<tructure  ui  the  dii4trict  i^  a  iiiHicult 
|»ri»bl«'in. 
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The  porphyry  hills,  like  Pilot  Knob  and  others,  he  regarded  as 
Azoic  rocks,  the  exposed  portions  of  the  skeleton  of  the  eastern  part 
of  the  Ozark  range,  rising  from  300  to  1,800  feet  above  the  level  of 
the  surrounding  countr3\  "They  form  an  archipelago  of  islands  in 
the  Lower  Silurian  strata,  which  surround  them  a*}  a  whole  and  sepa- 
rate them  from  each  other."  The  rocks  overlying  these  he  regarded 
as  belonging  to  the  oldest  members  of  the  Silurian,  and  thought  that 
they  might  be  the  deep-seated  equivalents  of  the  Potsdam  sandstone, 
or  even  older. 

The  region  of  these  porphyries,  as  well  as  the  Ozark  range  in  gen- 
eral throughout  Missouri,  had,  in  his  opinion,  apparently  been  above 
the  level  of  the  sea  from  a  very  early  period  (perhaps  since  the  Car- 
Ijoniferous  and  Silurian)  to  the  present  time. 

He  recognized  the  fact  that  the  surface  ore  at  Iron  Mountain  was  a 
residuary  product  resulting  from  the  disintegration  and  gradual 
removal  of  the  siliceous  rocks  in  which  the  iron  ore  was  originally 
embedded,  the  instance  offering,  as  he  stated,  an  extreme  case  where 
decomposition  of  the  porphyry  in  mass  facilitated  the  separation  of 
the  ore  from  the  rock  and  the  mechanical  removal  of  the  latter. 

Coucerning  the  ultimate  origin  of   the  iron,  Pumpelly  was  silent^ 

Regarding  the  origin  of  the  manganese  ore  as  at  Cuthbei*tsons  Hill, 

in  township  33,  he  wrote: 

It  would  seem  that  we  have  in  these  occurrences  instances  of  replacement,  but  it 
iH  <litticult  to  imagine  a  direct  substitution  of  manganese  oxides  for  the  deconii)Osition 
products  of  a  porphyry,  and  all  the  more  so  in  this  cai^e  from  the  fact  that  the  analysis 
shows  the  remaining  porjdiyry,  which  is  intimately  associated  with  the  ore,  to  have 
its  normal  constitution. 

He  further  described  what  he  called  a  metaphoric  limestone  at  Huffs, 
near  Ackhursts,  as  - 

nearly  wholly  changed  into  a  porphyry  or  jasjx^r  rock,  it  having  here  a  si'histoid 
structure  in  which  the  alternate  lamina*  are  impure,  compact  carbonate  of  lime. 
*  *  *  Here  is  a  meml)er  of  the  iK)rphyry  series  which  was  originally,  unques- 
tionably, a  limestone,  but  in  which  th<'  original  physical  and  chemical  character- 
istics have  almost  wholly  disappeare<l.  It  should  not  seem  impossible  that  the 
manganiferous  rocks  which  have  lu'cn  descril>ed  may  have  ha<l  a  similar  origin,  an<l 
that  the  manganese  and  iron  oxi<les  owe  their  present  existence  to  a  former  replact- 
ment  of  the  lime-carbonate  by  iron  and  manganese  sidts.  The  jx^rphyry  which  now 
surrounds  these  or€»s  may  be  due  to  a  previous,  contemporaneous,  or  su})sequent 
replacement  of  the  lime-carbonate  by  silica  and  silicates. 

A  ''mav  be"  to  wliich  few  would  assent  at  this  date. 

A  general  discussion  of  the  iron  ores  and  th(iir  distribution  was  com- 
prised in  the  report  of  Mr.  Chauvenet,  which  occupied  V,)2  pages  of 
the  entire  volume.  According  to  this  writer  the  ores  of  Iron  Moun- 
tain are  due  to  deposition  from  solution  in  water  which  tilt(»red  into 
fissures.  Adolph  Schmidt  regarded  these  same  ores  as  replacement 
prcKlucts  and  attempted  to  explain  their  formation  as  follows:  When  a 
solution  of  sulphate  or  chloride  of  iron  containing  also  carbonic  acid 
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remains  for  any  length  of  time  in  contact  with  a  porphyry  the  latter 
will  h(»come  decomposed,  the  alkalies  being  set  free  in  the  form  of 
carlK)nates.  The  carbonates,  reacting  on  the  iron-bearing  solutions, 
will  ])recipitate  the  iron  as  oxides,  which  will  till  the  pores  in  the 
]X)r|)liyry  made  by  the  removal  of  the  alkalies.  The  silica  set  free  in 
the  pr(x;ess  would  be  to  some  extent  removed,  but  most  of  it  would 
remain.  The  silicate  of  alumina  would  l>e  decomposed  by  bicarbonate 
of  iron  in  solution  and  removed  in  the  form  of  a  soluble  bisilicate,  as 
explained  bj'  Bischoff.  It  is  needless  to  say  that  these  views  were  not 
gen(»i-ally  accepted. 

Next  t4)  Owen's  Key  to  the  Geology  of  the  Globe,  I  know  of  no 
more  extraordinary  publication  relating  to  American  geology  than 
that  of  the  artist  George  Catlin,  entitled  The  Lifted  and  Subsided 

Roc*ksof  America,  with  their  Influences  on  the  Oce^inic, 
olSfciy  VSto.**"       Atmospheric,  and  I^and  Currents,  which  was  published 

in  London  in  1870. 

One  can  forgive  any  amount  of  ignorance  relating  to  the  subject  of 
giH)logy  in  a  man  of  (Ratlin's  profession,  but  it  is  not  so  easy  to  forgive 
him  for  putting  Ik? fore  an  indiscriminating  public  opinions  which  are 
founded  on  wholly  insufficient,  and  in  many  cases  visionary,  data. 

('atlin  had  traveled  extensively  throughout  th(»  western  ])ortions  of 
North  Americ*a  and  naturallv  had  been  attracted  bv  the  enormous 
amount  of  erosion  and  uplift  manifest  in  a  treeless  area.  That  his 
thoughts  should  have  Ix^cn  turned  in  this  direction  is  not  at  all  strange, 
but  his  (conclusions  are  such  as  can  be  accounted  for  onlv  on  the 
grounds  that  ho  had  received  absolutely  no  tniining,  had  not  learned 
how  to  olwerve,  nor  how  to  reason  from  that  which  he  saw. 

The  most  striking  features  of  the  work  are  those  relating  to  the 
ca!ise  of  the  (Julf  Stream  and  the  origin  of  the  Gulf  of  Mexico.  He 
conceivwl  that  from  l>oth  North  and  South  America  there  issued  two 
large  subtt^rnmean  streams  of  water,  one  flowing  from  the  north  to 
the  south  under  the  main  axis  of  the  Rocky  Mountains,  and  the  other 
in  an  opposite*  direction  along  the  main  axis  of  the  Andes.  These 
iHH'oming  heated  through  proximity  to  the  volcanic  tires  in  the  region 
of  the  e<|uator,  finally  issued,  giving  the  necessary  volume  and  t^Mupi^r- 
ature  to  account  for  the  (lulf  Stream. 

The  origin  of  the  gulf  itself  he  imagined  to  Ih»  due  to  an  undermining 
of  the  crust  of  the  t»arth  and  its  sul»se(|uent  falling  in,  through  tiie 
Holvent  action  of  the  heated  water,  and  he  figures  the  continent  l>oth 
U»fon»  and  aft<»r  the  catastrophe.** 

"(  utiin'M  Inxik  Ha>  iiiticiil  in  the  American  Jotiriiul  nf  S  uin**,  L,  1S70,  and  <li»- 
mi»Ntil  Hith  till*  fnllowiii^ccurv  remark:  **Tho  writer  <»f  this  mirk,  well  known  f<>rhi« 
tniv«*lMaiiioii)(  till*  Ani<*riiain  IiKlians,  here  tn'atK  (»f  mountain  draina^',  nphfavaln, 
ni4'tanioq>hiHni,  niakin^c  of  mountain  chainn,  ninkin^^of  mountains,  ami  of  tin*  Indian 
nutf«  of  Ani(*ri<'a.  lit*  |»retienti(  hin  (7enlo)d<«l  vi4*wH  and  criticinnis  with  iin-ni  {Mw«i- 
tiv*'ii«<M*,  which  w  iv>nm«tent  with  the*  (art  of  hia  limitt<<l  knowledge  of  thi*  Huhject/' 
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In  1871,  Dr.  F.  V.  Hopkins,  professor  of  geology,  chemistry,  and 
mineralogy  in  the  State  University  of  Louisiana,  issued  a  report  on 
the  geology  of  the  State,  relating  particularly  to  the  post-Tertiarv 

deposits,  and  containing  also  a  colored  geological  map. 
GMioinr  of  Louisiana,     These  deposits  he  divided  into  (1)  Drift,  (2)  Port 

Hudson  (so-called  b}^  Hilgard),  (3)  the  Loess,  and  (4) 
the  Yellow  Loam,  the  last  three  being  included  also  under  the  general 
name  of  Blutf  Formation. 

Hopkins  held  (and  Dana  approved)  that  the  Port  Hudson  and  over- 
lying beds  were  deposited  when  the  land  was  at  a  lower  level  than 
now,  and  that  the  loess  was  the  accumulation  over  an  old  flood  plain 
of  the  Mississippi,  as  suggested  by  Lyell.  The  drift  itself,  however, 
he  conceived  to  be  due  to  the  agency  of  icebergs  in  a  sea  at  least  1,150 
feet  deep  in  the  Ohio  Valley.  To  this  last  view  Dana,  of  course, 
objected. 

In  1872  the  subject  of  the  formation  of  the  great  features  of  the 
earth's  surface,  including,  of  course,  the  formation  of  mountains,  was 
brought  up  once  more  by  Joseph  Le  Conte,  then  professor  of  geology 
.    ^         .  and  natural  historv  in  the   Universitv  of  California. 

Le  Conte's  Ideas  on  .    T       •        i         *  .         "  t  i       i.     •    • 

Mountain  Making,     In  a  scrics  ot  articlcs  111  the  American  Journal  of  Ni- 

1872 

ence  for  this  year  he  reviewed  the  ideas  of  Humboldt 
and  (>therj>;  discussed  the  probable  condition  of  the  earth's  interior, 
whether  fluidal  or  otherwise;  and  announced  himself  as  convinced  that 
the  whole  theory  of  igneous  agencies,  which  formed  the  foundation  of 
theoretic  geology,  should  be  reconstructed  on  the  basis  of  a  .solid 
earth. 

On  the  assumption  that  such  an  earth  would  be  not  homogeneous, 
but  that  some  areas  would  possess  greater  conductivity  than  others 
and  would,  therefore,  cool  and  contract  more  rapidly  in  a  i*adial  direc- 
tion, lieafHrmed  that  the  present  sea  bottoms  represented  the  area< 
of  most,  and  th(^  continents  and  mountain  ranges  those  of  less,  rapid 
cooling  and  contraction.  This  he  felt  was  borne  out  by  the  researches 
of  physicists  who  had  shown  that  the  continental  masses  were  less 
dense  than  sul)oceanic  matter. 

To  him  the  cooling  earth  might  be  regarded  as  composed  of  concen- 
tric isothermal  shells,  each  cooling  by  conduction.  The  exterior  bein»! 
th(»  first  to  cool  and  solidifv,  would,  tliroujrh  the  shrinkinjr  awav  oi 
the  still  cooling  interior,  become  sui)jectea  to  powerful  horizontal 
pressun^  or  thrust,  which  as  time  went  on  would  find  relief  in  the 
direction  of  least  resistanc(^  (i.  e.,  upward)  and  along  lines  of  weakness. 
It  was,  how(»v(M\  his  idea  that  this  yi(dding  was  not  by  upbending  into 
an  arch,  but  by  a  inaslnngor  crushing  together  horizontally  like  dough 
or  plastic  clay,  with  more  or  less  folding  of  the  strata  and  an  upswcdl- 
ing  or  thickening  of  the  wdiole  .s(|ue(v.ed  mass. 
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He  showed  that,  were  a  mass  of  i^ediments  ln,0(K>  feet  in  thickness 
subjected  to  liorizoutal  pressure  and  crushing  sufiicient  to  deveh>p 
well-marked  cleavage  structure,  a  breadth  of  2^  miles  would  be  crushed 
into  1  mile,  and  1(),(K)0  feet  thickness  would  be  swelled  to  25,000,  mak- 
ing an  actual  elevation  of  the  surface  of  15,0(KJ  feet.  He,  therefore, 
f(»lt  justified  in  asserting  that  the  phenomena  of  plication  and  of  slaty 
cleavagtMlemonstrated  a  crushing  together  horizontally  and  an  upswell- 
ingof  the  whole  mass  of  sediments,  the  ups  welling  produced  by  this  cause 
alone  being  sufficient  to  account  for  the  elevation  of  the  greatest  moun- 
tain chains. 

Hall's  theory,  previously  not<»d  (p.  4iH)),  he  regarded  as  wholly  failing 
to  ex])lain  the  actual  proc<»ss  by  which  the  chains  had  l)een  formed; 
and,  tiiking  into  account  the  breadth  of  the  Appalachians  (at  least  KM) 
inih»s),  he  showed  that  the  gentleness  of  the  supjK)sed  convex  curve  of 
Hall  would  not  produce  the  amount  of  crushing  necessary  for  the  for- 
mat i<»n  of  th(»  immense  plication. 

Moreover,  he  i>ointedout  the  fa<*t  that  sedimentation  and  subsidence 
wen*  going  on  together,  and,  therefore,  that  the  upper  surface  was 
prolwibly  n(»ver  convex  at  all,  but  nearly  or  (luite  horizontal  all  the 
time.  Subsidence  under  such  conditions  might  prodiice  horiz(mtal 
tension  or  stretching  of  the  lower  strat4i,  })ut  could  not  produce  the 
crushing  and  plication  of  the  upper. 

To  Whitney's  idea  that  plication  was  the  result  of  the  subsidence  of 
a  mountain  axis  he  likewise  took  exception,  and  contended  that  chains 
and  ranges  w«»re,  l)eyond  cjuestion,  prcxluced  by  horizontal  thrust, 
(•rushing  together  the  whole  ro<'k  ma>s  and  swelling  it  up  vertically, 
thisthru>t  Inking  the*  necessary  result  of  secular  contraction  of  the  inte- 
ri<»rof  the  earth.  In  other  words,  "mountain  chains  are  formtxl  by 
the  mashing  together  and  upswelling  of  sea  IVottoms  where  immense 
thicknesMvs  of  sediments  have  accunmlat^d,  and  as  the  greatest  accu- 
mulations usually  take  place  off  the  shores  of  continents  mountains  are 
u»*ually  formed  by  the  uppn»ssingof  marginal  sea  bottcmis."  The  sub- 
marine ridges  ami  hollows  shown  by  the  soundings  of  the  Coast  Survey 
to  rxist  along  the  course*  of  the  (iulf  stream,  extending  from  the  i>oint 
of  Florida  to  the<*oast  of  New  Kngland,  he  felt  might  Iw  true  subma- 
rine mountain  ranges  now  in  courses  of  formation  by  the  proi*ess4»s 
alreadv  des<TilK»d. 

Referring  to  the  subj<M*t  of  metamor])hism  of  rocks,  as  shown  in 
in<mntain  chains,  heargu(»das  follows:  Sup|K)sing  sediments  accumu- 
lating along  the  shores  of  a  continent.  The  first  (»ffe<-t  is  lithiti(*ation, 
arul,  tln»n»fore,  incn»asing  density,  ("ausiiig  contniction  and  >ubsid(Mice 
//#//•/  jhiMMH  with  the  dejK)sit.  Next,  if  tin*  sedimentation  continut% 
a<|u«*o-igiicous  softening  or  «»ven  melting  would  follow,  not  only  of  the 
h»w<'r  jHirtionsof  thi*  MMliments  theuibelves,  but  of  the  underlying  strata 
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upon  which  they  were  deposited.  Finally,  this  softening  would  be 
sufficient  to  cause  a  yielding  to  horizontal  pressure  along  the  line^aod 
a  consequent  upswelling  of  the  line  into  a  chain.  Even  the  gfranitic 
axes  of  mountain  i-anges  might,  he  thought,  in  most  cases  be  but  the 
lowermost,  and,  therefore,  most  highly  metamorphosed  portions  of  the 
squeezed  mass,  exposed  by  erosion. 

He  agreed  with  Richthofen  and  Whitney  that  the  great  masses  of 
lava,  often  constituting  the  chief  bulk  of  mountain  chains,  had  not 
come  from  craters  but  from  fissure  eruptions,  and  that  volcanoes  are 
themselves  only  secondary  phenomena,  produced  by  the  access  of 
meteoric  water  to  the  still  hot  interior  portions.  He  did  not,  how- 
ever, agree  with  them  in  iissuming  that  this  liuidal  mass  was  a  part  of 
a  universally  incandescent  liquid  interior,  but  rather  a  submountain 
reservoir  locally  formed.  He  felt  that  this  theory,  while  not  dependent 
upon,  was  powerfully  supported  by,  the  views  of  Rose,  Bischoff,  and 
others  as  to  the  metamorphic  origin  of  granite  and  other  igneous 
rocks,  a  view  which  regarded  the  surface  materials  as  having  passed 
by  perpetual  cycles  through  all  the  stages  of  rocks  and  soils — igneous 
rocks  disintegrated  to  soils  carried  away  and  deposited  as  sediments: 
consolidated  into  stratified  rocks;  metamorphosed  into  gneiss,  granite, 
or  even  lavjus;  to  l)e  again,  after  eruption,  reconverted  into  soils,  and 
reconunence  the  same  eternal  round. 

In  furtherance  of  these  same  views,  Le  Conte  in  1876  gave,  in  the 
American  flournal  of  Science,  the  results  of  obsei*vationji  made  in  the 
Coast  Range  Mountains  of  California  along  the  line  of  the  Central 
Pacific  Railroad.  He  found  the  largely  unaltered  rt>cks  here  thrown 
into  a  series  of  anticlines  and  synclines  with  angles  of  dip  varying 
from  <);">  to  7^  .  From  this  he  estimated  that  the  original  matter  as 
deposited  on  a  sea  bottom  must,  in  the  building  of  the  range,  have 
been  crushed  from  a  bi'cadth  or  width  of  15  to  18  miles  into  6 
miles,  with  a  corn^sponding  upswelling  of  the  whole  mass.  In  1878 
Le  Conte  had  another  paper  in  the  same  journal  on  the  same  sub- 
ject, in  which  he  argued  that  mountain  ranges  are  always  formed  hv 
horizontal  pressure,  and  that  this  pressure  on  a  large  scale  could  be 
produced  oidy  hy  the  interior  contraction  of  the  earth.  To  overconit* 
the  obKM'tions  raised  l)v  soni*»  to  this  theorv  to  the  effect  that  interior 

«F  &.'  ^ 

contraction  could  not  (!oncenti*Jit4^  its  manifest  results  along  cert^iin 
lines  without  such  a  slipping  and  .shearing  as  is  impossible  in  a  solid 
earth,  he  conceivtnl  the  presence  of  a  solid  nucleus  and  a  solid  cru.st 
sepamted  by  a  zone  of  fus(^d  or  semi  fused  matter.  To  an  objection 
that  contiactFon  basc»d  upon  shrinkage  alone  was  inadecjuate  to  pro- 
duce the  <'vident  r(\sults,  he  argued  that  there  might  be  other  <*auses, 
such  as  loss  of  water  in  form  of  vapor  by  volcanic  action,  and  still 
others  concerning  which  as  yet  nothing  was  known.  His  theorv  of 
origin,  as  he  here  siunmed  it  up,  consisted  of  three  stages:  (1)  A  stage 
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of  projMnitioii  by  wdiiiientation;  ('2)  a  stage  of  yieldiiiff  liy  liurizunta) 
pressure;  and  {^)  ii  stage  of  crosioti  or  iiiountaiii  dei'ay. 

Le  Cont«  was  born  in  I^iberty  County,  (Jeorgiii,  February  'Mi,  I8ii:i, 
and  grow  to  manhood  under  influences  of  ease  and  enjoyment  sncli  as 
have  fallen  to  the  lot  of  few  Aiiieriain  gcologistM.     Educated  as  a 

physirian,  lio  early  gave  up  practice  and  in  lS5i)  re- 
SkMch  oi  La  Ceata.    movi'd  to  Oainbridge,  in  Massachusetts,  to  l)ecome  a 

Htudent  of  Agassi/..  In  less  than  two  years  lie.  how- 
ever, returned  to  Georgia,  when-  he  became  professoi'  of  nHtuml 
science  at  Ogietborpt^  University.  His  stay  here  was  brief.  In 
Decomlier,  1.4.")2.  he  Itecame  attached  to  the  I'nivernlty  of  (leorgia,  at  ■ 
Athens,  and.  in  ISSd,  profes.'iOf  of  chemistry  and  {(•'"'"tr.v  '"  ■'^onth 
Carolina  College,  at  C'obimbia.  Here  he  remained,  enduring  the  vici--* 
situdes  of  the  civil  war.  but  abandoned  his  lieloved  South  in  IStiU  (at 
a  period  when  men  of  his  tyixs  were  most  needed)  to  liecome  professor 
of  geology,  zoology,  and  botany  in  the  I'lii- 
versity  of  California,  at  Berkeley.  Here 
he  remained  until  his  death,  in  l!tO:J. 

In  lS*i(J  E.  W.  Hilgnrd.  at  the  suggestion 
of  Professor  Henry,  of  the  Smithsonian 
Institution,  visited  the  salt  deposits  of  Petite 

Islands  and   published  the 

Hllnrd'i  Work  at  .... 

pciitaAaM.  results  or  bis  observations 

LouUlaDa.  I8T2.  .         ,  .      .  ,  ■         ,, 

m  the  hmitlisonian  t-ontri- 
butions  to  Knowledge  in  1S72,  under  the 
title  On  the  (ieology  of  Lower  Ijouisiaiia 
and  the  Salt  Deposits  of  Petite  Anse. 

As  was  t<i  l)e  exjR'cted,  Hilgard  differed 
completely  with  Thomassy.  wiiosc  work  has 
l»een  note<l,  and  who,  it  will  be  remembered, 
regaixled  the  island  as  of  volcanic  origin.  On  the  contrary,  the  island, 
and  others  of  the  group,  were  reganled  as  Cretaceous  outliers,  with 
I'appings  of  drift  and  other  alluvial  matter,  the  salt  l)eds  themselves 
l>eing  of  Cretaceous  age. 

Both  Hilgard  and  Thomassy  believed  the  sand  and  shingle  detritus 
fovering  a  large  portion  of  the  States  boitlering  on  tiie  lower  Missis- 
sippi was  due  to  a  great  floofl.  which  might  have  resuUed  from  the  mpid 
melting  of  the  northern  glaciers.  Referring  to  the  belief  expressed 
liy  some  of  the  western  geologists  to  the  etfect  that  the  main  liody  of 
the  drift  was  due  to  flimting  icebergs  on  an  inland  sea,  Hilgard  con- 
(.•eived  its  northern  limits  to  have  l»een  fixed  by  the  i<'e  Uirriers. 
Toward  the  east,  southeast,  and  southwest  it  would  l>e  defined  by  the 
Allegheny,  Cumlx-rland.  and  Ozark  ninges,  the  main  outlet  lying, 
doubtless,  in  the  axis  of  the  Mississippi  Valley,  the  gap  l>etwecn  the 
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Ozark  and  Cumberland  highlands  not  having  been  eroded  to  its  prosoiit 
level. 

A  .sudden  break  in  the  lower  portion  of  the  barriei's  would,  he 
argued,  produce  the  phenomena  as  now  observed,  nanieh',  the  action 
of  violent  currents  plowing  up  and  redepositing  the  material  of  the 
more  ancient  formations,  cjirrying  down  in  the  main  cliannel  rocks 
of  high  northern  derivation,  restratifying  and  otherwise  niodifyinjr 
toward  the  end  a  good  portion  of  the  iceberg  drift  and,  as  the  current 
diminished,  covering  over  the  coarse  material  with  the  Orange  sand. 

In  1878  W.  C.  Kerr,  State  geologist  of  North  Carolina,  published 
in  the  Proceedings  of  the  American  Philosophical  Society  a  brief  but 
suggestive  paper  on  the  possible  influence  of  the  earth\s  rotation  on 

the  deflection  of  rivers.  He  called  attention  to  a  fact 
Effects  of  Earth's      SO  obvious  as  to  havc  been  evident  to  the  common 

people  of  that  State,  that  in  both  the  Carolina^  the 
eastward  flowing  rivers  always  presented  high  banks  and  bluifs  on  the 
south  side  and  low  plains  and  swamps  on  the  north;  also  to  the  fact, 
owing  to  th(»se  topographical  conditions,  that  the  large  towns  and  main 
roads  w<»re  alwavs  on  the  south  side  also. 

In  seeking  for  a  cause  for  this  Kerr  rejected  the  slow  subsidence 
theory  of  Tuomey,  and  suggested  that  it  was  due  rather  to  the  rotation 
of  tin*  eartli,  coacting  with  the  force  of  the  river  currents,  and  calW 
in  to  sustain  his  opinions  the  law  of  motions  as  developed  by  Prof. 
\V.  For  re  I: 

In  wliatt'vcr  din^ction  a  Ixxlv  moves  on  the  surface  c»f  the  earth  there  is  a  ionv 
arisinir  from  the  earth's  rotation  which  <leflects  it  to  the  right  in  the  northern,  but 
to  the  left  in  the  southern  heniis|)here. 

Whether  or  not  the  application  of  this  principle  was  original  with 
Kerr,  it  is  of  course  impossible  to  say.  This,  however,  seems  to  have 
been  its  tirst  application  in  America,  though  von  Baer  had  suggesttKl 
as  e:irlv  a^  Is^o  like  nvsnlts  in  the  case  of  north  and  south  ttowinjr 
rivers,  as  the  Irtisch  and  the  \'olga  of  Kussia. 

Kerr's  tinal  report  on  the  geology  of  North  Carolina,  although  pre- 
sented in  ISTo,  was  not  printed  until  1875,  owing  to  the  imrsimonious 
action  of  the  State  legislature,  the  pul)lic  printer  l)eing  allowed  tinaily 

to  set  it  up  only  under  condition  that  the  work  Im* 
c.roifn^Tsm^"'^*'  douo  in  intervals  of  other  work  on  the  laws,  docu- 
ments, supreme  court  reports,  etc. 

The  report  was  accompanied  l)y  a  colored  geological  map  and  three 
colored  sections.  The  classitiaition  of  the  rocks  adopted  was  as  shown 
on  next  page. 
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PKOGRBH8IVE   THEORETICAL   VIEW. 


The  following  scheme  exhibits  the  progress  of  theoretit^ai  notions  whieh  have 
obtained  at  different  tinies  with  regard  to  the  classification  of  tlie  fonimtions — the 
age  and  horizon  of  the  rocks  in  the  State: 


Mitrholl,  1M2. 


Tertiarv 


Emmons,  1866. 


Pre-sent.  1875. 


Secoin  larv 


i Post-Pliocene Quaternarv. 
Eocene  « I  Eocene.    ) 

Cretaceous i  Cretaceous. 

T"""^'*- IXriassic. 

Permian j 

T,        .,.  rp         •  /Silurian? 

T'^"^^^^^" I  T'^^-*>"»^' |\Huronian. 

Gneiss |  j 

CJranite ,  ll-Aurentian. 

Syenite ) 


Primitive. 


"Also  partly  Quaternary  and  partly  Crftaceous. 

This  report  gave  a  very  fair  summary  of  the  knowledge  of  the 
geology  of  North  Carolina  up  to  date.  The  thin  gravels  overlying 
the  eroded  surfaces  of  the  Eocene,  Miocene,  and  Cretaceous  in  the 
eastern  part  of  the  State  were  regarded  as  of  glacial  origin,  the  under- 
lying rock  being  planed  down  by  the  currents  and  drifting  ice  which 
brought  the  bowlders  from  the  Archean  hills  of  Chatham.  This  idea 
is  not,  however,  genendly  accepted,  North  Carolina  being  now  uni- 
versally recognized  as  far  south  of  the  glacial  limit. 

The  gold-bearing  gravels  were  looked  upon  as  beds  of  till  which  had 
crept  down  the  declivities  of  the  hills  and  mountains,  as  glaciers 
descend  Alpine  valleys  by  successive  freezing  and  thawing  of  the 
whole  water- saturated  mass,  both  gravitation  and  the  expansion  of 
freezing  contributing  to  the  downward  movement.  This  is  evidently 
the  same  idea  as  that  later  advanced  by  I.  C.  Russell  in  his  description 
of  the  debris  streams  of  Alaska. 

Appendices  attached  contained  a  list  and  descriptions  of  the  new 
genera  and  species  of  fossil  shells,  by  T.  A.  Conrad,  and  the  minerals 
of  the  State,  by  F.  A.  Genth.  A  chapter  on  corundum  and  its  asso- 
ciated rocks,  by  C.  D.  Smith,  is  mainly  of  interest  from  the  fact  that 
Smith  regarded  the  chrysolitic  rocks  as  of  igneous  origin,  a  conclusion 
which  for  sometime  was  disputed,  but  to  which  later  workers  have 
returned. 

Kerr  was  of  Scotch-Irish  descent,  though  born  in  North  Carolina. 
His  parents  dying  while  he  was  quite  young,  he  was  adopted  by  a 
Rev.  Dr.  Caruthers,  a  Presbyterian  minister,  under  whose  instruction 
he  was  fitted  for  the  State  University  at  Chapel  Hill,  where  he  gnidu- 
ated  in  1850  with  highest  honors.  After  graduation  he  taught  school 
for  a  while  at  Williamstown  in  his  native  State,  until  elected  to  a  pro- 
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fessorfihip  in  MHrsball  University,  Texas.  This  position  he  resigued 
ill  1H52  to  accept  an  appointment  as  computer  in  the 
Sketch  of  Kerr.  Nautical  Almanac  Oifice,  then  located  at  Cambridge. 
Massachusetts.  While  here  he  entered  the  Lawrence 
Scientific  School  and  studied  under  Agassiz,  Gray,  and  the  chemist 
Horsford. 

In  1857  he  accepted  a  professorship  at  Etevidson  College  in  North 
(.'anilinii,  where  he  remained  until  IJ^fiS,  though  his  active  work  ceased 
in  18ti"2,  owing  to  a  fulling  off  in  income  and  students,  incident  to  the 
civil  war.  Fniin  the  latter  jwrt  of  1S63  to  early  in  ISiil  he  was  chemist 
and  superintendent  of  the  Mecklenhurg  Salt  Works,  near  Charleston, 
South  t^roliiia.  hut  after  the  destruction  of  the  works,  returned  to 
North  Carolina,  where  he  Iwcanie  nominally  State  geologist  in  1864, 
though  active  work,  owing  to  the  confusion 
and  disorganization  of  war,  did  not  begin 
until  IHIiti. 

It  is  safe  to  saj'  that  few  men  ever  entenxl 

upon  the  work  of  a  geological  survey  under 

more    unfavorable    auspices.     He    himself 

had  liad   no  extended  ex[«>nence,  nor  was 

he  a  trained  sjiecialist.     Little  money  was 

available,  the  industries  of  the  State  jiara- 

lyzed.  and  her  stwial  conditions  disoi^n- 

ized,   if   not  don lo nil i zed.     The   Stale   had 

never  a  more  genuine  and  sagacitmsly  pud- 

!ic-spiril<'d   citizen  (him  lie.  Imt  the  timo 

miiiLT-      wova  evil,  inid  f()r  sweriil  years  Professor 

Kerr  shared  llu-  fate  of  nil  pu))lic  otKciuls 

ring  to  adjust,  to  recoiii-ilc.  and  to  go  forward.      111> 

■cpresented,  his  chanu-ter  assailed,  his  aliilities  i]ut'>- 

iialigiied.     Yet  in  the  face  of  all  this,  without  gmsi 

r  roads,  a  great  work  was  accomplished. 

v<-ars  <.f  the  survry  he  titncled.  mainly  <.n 
louutaiTious  couiitrv.  with  an<l  withont 


who  were  endeavi; 
m<itives  were  misi 
tioi.ed.  his  work  ! 
maps  and  with  few 

During  one  of  llie  tir.-t  ; 
horsi-hack.  l.Ti 

roads,  anil  during  the  season  of  186ti  and  |.S(;7  not  less  than  4,tHH.t 
nules.  Work  thus  peifornu'd  was  from  necessity  largely  in  thi"  nature 
of  reconnaissance.  The  subjects  of  drainage  and  t<HKigraphy  received 
a  large  share  of  attention,  and  indeed  a  large  |Kirt  of  liis  work  was 
along  physiographic  lines,  though  by  no  means  limited  thereto.  Agri- 
<'iiltuntl  and  mineral  resources  were  investigated  and.  so  far  as  [xts- 
silile  witli  the  limited  means  at  his  <-oinmanil,  {idvertised.  His  jmpers 
which  attracted  the  most  widespread  altenti<in  were  doiilitless  th-i^c 
relating  to  the  action  of  frost  on  st[|H'rticial  materials  and  the  iine<|ual 
er<ision  of  the  hanks  of  a  stii'am.  due  to  the  earth's  rotation. 
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Ki-rr  was  n  man  of  Hlij^ht  physique,  and  for  th«  last  tpn  or  Hftpon 
yciinj  (if  his  lifo  suffered  from  catarrh  of  the  digestive  organs.  The 
funds  iLVHilaMc  were  too  sninll  to  onahle  him  to  employ  periimneiit 
iissistnnts,  either  in  the  field  or  us  clerk  or  amnn uonsis.  Under  these 
cin-iimstaiices  the  amount  of  work  accomplished  Wiu*  certainly 
i-emarkable. 


U.-wsh 


matte 


■ioeftiin>rly  liticral  man — a  niai 
van  'iefjily  n-liaiin"'  ft'"'  always 
|HTtaiiiiiJtr  t'l  ihi-'  c-huri'li. 
iiiliiiiri'd  him  iixi 


a  liini  lift  li 


n.l  clear,  a 


of  (ti'nentiiH  temper  and  I'f  lar^  vii-wR. 
Iiroiuiiifnl,  iillhoiigli  in  iiii  iiiii>l>ln]»>ivi' 
Ah  a  dirixtian  );c[iI1i'iiibii.  tliim  who 
t.     IliH  lit'iirt  wiu<  warm  and  KetiiTKUi', 


D'l  prDitrcmiivf,  hirt  cijniH'ifiKv  kii'ii  hikI  inll<'xit)li'.  He  Has 
h<iniT<t  iu  pvcry  8i'iii<e  iif  the  wiml.  There  was  ncithilut  iif  iH.Ury  in  hi«  tli(iii)()it 
rirai'tion;  on  the  I'onlrary,  he  wbh  frank  and  outf>|iuki'n,  at  tinii-H  t'veii  to  a  fault. 
(n..lm«..) 

Iti  l.s7:J  the  legislature  of  Alalmiiia  pas-M-d  an  act  reviving  the  sur- 
vey, which  had  been  discontinued  after  the  death  of  Professor  Tuoniey, 
ill  IS.tT,  and  named  I'rof,  Kugeiie  A,  Smith, 
of  the  I'niversity  of  Alalniina,  State  geol- 
ogist. This  <dHce  I'ntfessor 
Ail»12i*i8?j'."  Smith  hiLs  continued  to  hold 
down  to  the  present  time, 
t'ptoand  including  {>i>iO  he  hH<l  made  five 
ri-)K>rts.  Tliesc  were  given  up  mainly  to  a 
discussion  of  the  geogniphic  ilistrilmtion  of 
the  vari<ius  fornnilions  eomprisi-d  within  the 
State  limits,  witli  extensive  notes  n-garding 
the  economic  |>ossi)itlities  of  coal.  iron,  and 
other  mineral-  of  less  iin{K>rtiuice. 

In  Ills  report  for  1n7.")-7»'.  he  Iretited  of 
the  geology  of  .Jones  Valley  and  the  CiKisa 
ViiUev  region  anil  antiounce<l  the  practical 

identity  of  the  formations  there  found  with  tliose  deserilM'd  by  Pro- 
fe-sor  Safford  in  Tennessiv,  recognizing  the  Oeoi-e,  Chilhowee.  Knox 
!«nd-t<ine.  shale  and  dolomite.  an<l  I^ower  an<l  I'piwr  ('arlmnifcrous. 
In  those  of  IsTT.  Is7s,  and  ls7!t  sjKvial  reference  was  made  to  the 
Warrior  co«l  tields  and  their  proliable  value.  Sevenil  colored  county 
ma|>s  were  given,  but  n"  geological  map  of  the  entire  State. 

in  the  spring  of  lx7S  there  was  ot^tnized  usi>eond  geological  survey 
of  Kentucky,  with  N.  S.  Shah>r,  then  professor  of  |>ah-ontology  at 
Harvard.  <hicf  geologist  an<i  direct^.r.  and  A.  K.  Cnindall.  P.  X. 
.Misire,  C.  .1.  XorwoiHi.  an<l  .1.  U.  Pro.  tor.  assistants. 
itolKTl  Peter  served  as  ehcnii.-t.  The  orgnniza- 
t  continued  as  alKive  until  Ihmi,  when  .1.  U.  PnH-lor 
viici'i'edcd  to  the  dins'torship  thmiigh  the  resifrnHtiun  and  reconunenda- 
lion  of  Pr<ifcss.ir  Shaler.  ihe  >nrvey  coining  finally  to  a  dose  in  IHUl, 
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Up  to  1880  five  reports  of  pi-ogress  wei-e  issued,  dealing  nutinly  with 

economic  problems. 

The  plateau  country  drained  by  the  Colorado  River  offers  facilities 

for  the  study  of  gcologioil  problems   such  as  are,  perhaps,  equaled 

nowhere  else  in  the  world.    This  is  especially  true  with  reference  to 

problems  relating  to  stratigraphic  succession,  of  uplift 
PowsU'i  Bxplanllon  '^.,  ,.  "  f  ■  ,i.ii 

ofiheOraodCuyan,  with  a  mimmum  amount  oi  contortion  of  the  beds,  and 

of  erosion.  The  plateau  nature  of  the  country  was 
recognized  by  Ncwijerry  while  with  the  Ives  expedition  in  1860,  and 
bj'  Blake  in  connection  with  the  Pacitic  Kailroad  surveys  in  185ti.  it 
remained,  however,  for  Powell,  Gilbert,  and  Dntton  to  lirnt  bring  out 
the  salient  features  of  the  geology  of  the  region  and  to  work  out  the 
problems  in  a  way  that,  to  quote  the  words  of  Emmons",  has  formed 
the  starting  point  of  modern  physical  geography. 

In  the  summer  of  18tiH,  J.  W.  Powell,  a  retired  officer  of  the  Federal 
Army,  made  a  boat  trip  down  the  Colorado, 
startingfrom  Gieen  KiverCityon  the  f  nion 
^^^^^  Pacific  Railroad  Maj'2i,and  emergingfrom 

^^^^^Wfci  the  mouth  of  tlic  Black  Canyon,  nearly  IXki 

^HL  miles   l>elow.  on  August   30  following— a 

V^^     jf^  ^  journey  that,  to  quote  Emmons  again,  "is 

^  \         unequaled   in   the  annals   ()f  ge<^raphical 

^^^^^M^H  exploration  for  the  courage  and  daring  dis- 

^^^^H^^B  played  in  its  execution." 

^^W^^^BP  In   his  reports   on   these  explorations.'' 

^^^^^^^^Pt9^^^  wiiich  were  iniidc  and  pnlilis}i<-d  under  dirt'c- 
I^^^^Bk^^^  tion  of  tlii>  SmithsotiiiiTi  Institution.  Powell 
^^^^^^m^^P     culit-d  to  the  that  the  canyons 

Khi  '.1  -j.iiiii  M-i-k'v  !■..«. 11  '""'■  J-'"'ff '"  "*  "'"'"•■osion  and  due  to  the  a<-tiuii 

of  the  river  upon  the  rocks,  which  were 
undergoing  a  griiiUtai  elevation.  As  he  expr»^s.«ed  it,  the  river  pre- 
served its  level,  but  tlie  niountnins  were  lifted  up;  as  the  saw  revolves 
on  a  tixed  pivot  while  the  log  tlirough  which  it  cuts  is  moved  along. 
The  river  was  the  saw  which  cut  the  mountain  in  two.  This  is  es.sen- 
tiaily  the  idea  advanced  by  Ilaydeii  in  l«i:i  in  his  report  on  the  geology 
of  Moiitjina. 

In  this  report  Powell  first  made  n.se  of  the  expressions  of  oiilei-fhut 
and  n-iixtyi-iit  valleys,  meaning  in  the  first  instance  that  the  drainage 
was  established  prior  or  antecedent  to  the  corrugation  of  the  l>eds  by 
faulting  and  folding;  and  in  the  second  case,  tliat  the  vallej-s  have 
directions  which  are  deijcndent  upon  tlie  corrugations.  Valleys  which 
were  formed  by  streams,  the  present  courses   of  which  were  deter- 

"I'n-^iUt-iKial  :iiHn-^s.  I i<")Uii.'iciil  SH'ietv  of  Wiii<liiu);t<in,  1S!t(i. 
''LeULToflraiiF'iiiittal  ilaU-il  .lime  Hi,  |S74;  ].iiliiic-]<tlitii  in  IH75. 


AMERICAN    GEOLOGY DECADE    OF   1870-1879.  567 

ininod  by  conditions  not  found  in  the  rocks  through  which  the  chan- 
nels are  now  carved,  but  which  were  in  existence  when  the  district 
hist  apjx?ared  above  sea  level,  he  called  Hui>enmposed  valleys. 

In  this  same  report,  too,  Powell  made  use  for  the  first  time  of  the 
tf»rm  hose  level  of  ermhn^  which  he  defined  as — 

an  iinaginar)*  Karfaoe  inclining  nlightly  in  all  \X»  {tarts  t4>wanl  the  i>n<l  of  the  prin- 
«-i|>al  stream  <1raining  the  art»d  through  which  the  level  is  Hupjx)He<l  to  extend,  or 
having  the  inclination  of  its  i>artH  varieii  in  dire(!tion  as  (leterniine<l  by  tiibutary 
st  reams. 

He  pointed  out,  further,  that  the  region  of  the  Grand  Canyon  was 
a.ter  ail  a  region  of  lesser  rather  than  greater  erosion;  that  had  the 
country  been  favored  with  a  rainfall  equal  to  that  of  the  Appalachian 
country,  the  entire  area  might  have  been  reduced  to  a  }>ase  level  which 
would  be  the  level  of  the  sea,  though  the  evidence  of  such  erosion 
might  be  almost  wholly  obliterated. 

J.  P.  Lt\sley,  writing  in  1874  on  the  iron  ores  of  Spruce  Creek, 
Warriors  Mark  Run,  and  Half  Moon  River,  in  Huntingdon  and  Cen- 
ter cotintios,  Pennsylvania,  took  the  ground  that  they  were  residual 

de|K>sits  from  the  decomposition  of  ferriferous  Lower 
omamiDciiiMUiUoii.  hihinan  beds,  which  were  at  one  tmie  buried  l>eneath 

1874. 

more  than  16,0<K)  feet  of  Tpper  Silurian,  Devonian, 
and  C^rl)oniferous  rcK'ks,  and  had  been  subsequently  exposed  through 
decomjK>sition  and  erosion. 

.\t  the  end  of  the  coal  era  the  Mi<ldle  States  rose  from  the  waves.  ♦  ♦  »  The 
e<lge9  of  the  Hellefonte  fault  sto<Nl  as  a  mountain  range  as  high  as  the  Alps,  and  the 
bairks  of  some  of  the  great  anticlinals  of  Pennsylvania  must  liave  fctmuMi  plateaus 
then  as  high  as  Tilx-t  and  liootan  are  now. 

Krosion  commence*!  and  has  continue<l  thn»ugh  the  Pennian,  .Jurassic,  CretacXK)U8, 
and  Tertiary  ag<*s  to  the  prest»nt  day,  and  still  goes  on.  The  high  plateau  was 
gradually  woni  down  to  the  pn*sent  surfa^v.  Mountains  t>nce  30,(KK)  or  40,(XX)  feet 
liigh  are  now  but  'J.iKK)  or  3,0(K)  above  sea  level. 

Such  extreme  vit^ws  as  to  the  possible  height  of  mountain  ranges 
are  e<)ualed  am(»ng  nKMlern  geologists  only  by  thosi»  of  Clarence  King 
(p.  1512). 

In  1S74  N.  H.  Winchell  accompanied,  as  geologist,  the  party  heade<l 
by  Capt.  W.  Ludlow  to  the  Hlack  Hills  of  Dakota.  His  report,  apjx^ar- 
ing  in   ls75,  occupied  jwges  21    to  6r>  of   the  quarto  volume  issuc<l, 

and  was  accomimnicHl  by  a  geological  map.  Winchell 
UM*BaiickNuirt«74.  n»cognized    the   occurrence   of   Cretaceous,  Jui*assic, 

Trias-<tic,  Carl)oniferous,  and  Silurian  (Potsdam)  r<H*ks, 
overlying  .H<*hists  and  slates,  into  and  through  which  granite  had  l)eeii 
intnid(*<i.  He  agree<l  in  the  main  with  HaydenV  ol>servations,  as 
given  in  his  Second  Annual  KejK)rt  (ls^»x),  though  he  failc^d  to  find 
evidence  of  the  unbroken  conformabilitv  of  the  fossiliferou^  forma- 
tion.s.  On  the  contniry.  he  mentioned  the  K<h1  I^hIs  as  lying  unison- 
formablv  on  the  CarlM)nift»rous  limeHtcme. 
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George  Bird  Grinnell  accompanied  the  expedition  in  the  capacity  of 
paleontologist,  though  the  new  species  of  invertebrate  fossils  found 
(Ob(/hiJ<  2>c'ctenoid(f<^  IWehratuhi  helena^  and  Llngulepls  prlirtaeforiulK) 
were  described  and  figured  by  K.  P.  Whitfield. 

The  presence  of  numerous  bands  of  prospectors  on  the  Indian  res- 
ervations of  the  Black  Hills,  led  there  by  the  reporti»d  finding  of  gold 
by  Custer's  and  other  expeditions,  caused  the  National  Government, 

in  1875,  to  send  '"  trusty  persons ''  to  examine  the  recfion 

Work  of  Jenny  and  ,         '  i        ^,  ^      i        t  .  .  , 

Newton  in  the  and  report  to  the  StH^retary  of  the  Interior,  m  order 

that  a  proper  basis  might  be  secured  for  future  nego- 
tiations with  the  Indians.  The  locality  being  then  comprised  in  the 
Sioux  Indian  reservation,  inmiediate  direction  of  affairs  was  put  in 
the  hands  of  the  Indian  Bureau.  Under  this  authorization  W.  P. 
Jenny  was  appointed  to  undertake  the  work,  with  Henry  Newton  as 
assistant.  The  party  entered  the  region  on  the  3d  of  June,  some  4(X) 
strong,  a  large  military  guard  being  esteemed  necessary  on  account 
of  the  manifest  discontent  of  the  India^is,  and  returned  to  Fort  Laramie 
on  October  14,  after  an  absence  of  four  months  and  twenty  Avlxs,  A 
preliminar\^  report  on  the  mineral  resources  of  the  Hills,  accompanied 
by  a  map  by  V.  T.  McGillycuddy,  the  topographer,  was  submitted  by 
Mr.  Jenny  and  published  in  the  report  of  the  Commissioner  of  Indian 
Affairs  for  1875.  The  complete  report  on  the  mineral  resources,  cli- 
mate, etc.,  with  a  preliminary  map,  was  published  in  the  form  of  an 
octavo  pamphlet  of  71  pages  in  1876,  and  the  final  Report  on  the  Geol- 
ogy and  Resources  of  the  Black  Hills  of  Dakota,  in  form  of  a  quarto 
volume  of  iM\  j)ages,  with  large  folio  athis,  in  ISSO.  This  included, 
also,  the  previous  reports  on  th(^  niineial  resources,  noted  al)ove.  Un- 
fortunately, Doctor  Newton,  to  whom  was  left  the  general  geology  of 
t\w  region,  died  bi^forc  his  report  was  fully  i)repared  for  the  press,  the 
work  boinif  ablv  edited  l)v  (i.  K.  (filhiM't,  and  the  volume  issued  as 
one  of  the  monographs  of  the  Powell  surv(\v. 

The  Hhick  Hills  remon,  it  will  be  remembered,  had  alreadv  been 
touched  upon  and  fragmentary  surveys  made  by  numerous  parties, 
including  Dr.  John  Evans  in  1841^  and  1853,  Thaddeus  Culbertson  in 
18.50,  Meek  and  Hayden  in  1S58,  and  llayden,  with  the  military  expe 
ditions  of  Harvey  and  Warren  in  1.S55  and  1857.  and  with  Captain 
Raynolds  in  185tK  Hayden  again  visited  the  region  under  the  auspices 
of  the  Philadelphia  Academy  in  ]SG^),and  N.  H.  Winchell  with  Custer's 
expedition  in  ls7G,  as  just  noted.  Cnderall  these  conditions  it  is  dif- 
ticult  to  estimate  the  value  of  the  work  of  Newton.  Much  that  he 
stated  in  his  report  had  alri^ady  been  made  known  by  the  authorities 
mentioned  above.  On  the  other  hand,  much  that  h<*  might  have  had 
in  mind  to  say  has  inn  er  appcnired,  owing  to  his  untimi^ly  death. 

The  >unniiary  of  Black  Hills  history,  as  given,  shows  an  older 
Archean  consisting  of  shales  and  sandstones  over  which,  after  an  inter- 
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val  of  erosion  and  metaniorphism,  a  newer  Archean,  consisting  mainly 
of  sandstones,  was  deposited,  accompanied  by  abundant  intrusions  of 
granitic  roi*k.  Then  followed  the  period  in  which  these  rocks  were 
niised  to  a  nearly  vertical  position,  metamorphosed,  and  deeply  eroded, 
after  which  the  various  Potsdam,  CarVioniferous,  Red  Bed,  Jura,  and 
Cretaceous  deposits  were  conformably  laid  down.  Then  followed  the 
uplift  and  subsequently  the  unconformable  depositions  of  the  White 
Kiver  Tertiaries  upon  their  flanks.  The  date  of  the  uplift  is  therefore 
set  a.s  the  interval  of  time  between  the  Cretaceous  formation  and  the 
l>eginning  of  the  Miocene  Tertiary.     (See  under  Hayden,  p.  591.) 

Newton  showed  that  the  drainage  from  the  Black  Hills  was  conse- 
quent— that  is,  it  conformed  to  the  dip  of  the  strata.  This  he  con- 
ceived to  be  caused  by  the  streams  having  accjuired  their  direction  dur- 
ing the  uplift  of  the  hills,  or  while  they  were  biding  laid  bare  by  the 
drainage  of  a  lake.  In  either  case  the  drainage  is  consequent  upon  the 
uplift.  With  the  rivers — the  lielle  Fourche  and  the  South  Fork  of 
the  Cheyenne — the  case  is  ditferent,  however.     These  cut  across  the 


Fio.  92.— Idojil  rrow«-jM.»ctl(>n  <»f  the  Black  Hillj*.    (Aftor  Henry  Newton.) 

The  vertU*Hl  k*m1o  LmhImmU  j«ix  tiincM  thf  horizdiitul;  the  doiu-il  Unvn  indk'Hte  the  portion  of  the 
uplift  ri'inovtil  by  enwion:  I.  An'hoaii  KlutcM  and  H<*lii}<tJ»:  2.  (Jranlte:  3.  I'ot.^idani,  rfxtliiK  unconform- 
Hilly  on  1  and  2:  4,  ('nrlMmlfennis;  r>.  Red  Bitls  with  inchided  liniet<t<»ne;  6.  Jura:  7.  C'n'tac*tH>u>«:  H, 
White  RIvrr  Tertiary,  retttinK  unr<mforniuhly  on  7. 

uplifted  strata  in  a  way  to  show  that  the  drainage  is  superim|X)sed.  If 
they  existed  prior  to  the  deposition  of  the  Tertiary  sediments  they 
were  completely  blotted  out. 

.1.  H.  Caswell  descrilMHl  the  various  metamorphic  and  eruptive  rocks 
collected  by  the  survey,  his  j>ap<»r  forming  the  second  on  the  subject 
of  microjietrography  to  ap|K»ar  from  the  (fovernment  press,  ZirkePs 
fortieth  {mnillel  reiK)rt  (ls7«»)  iMMng  the  tirst.  The  r(»j>ort  was  lurom- 
pani(*d  by  two  plat4*s  with  eight  colored  tigures  illustrating  micro- 
ntructure  and  composition,  and  is  of  particular  interest  as  giving  the 
tirst  authoritative  account  of  the  cn-currence  of  the  nx'k  phonolite  in 
thf  Tnited  States.  Caswell,  although  one  of  the  tirst  in  a  new  and 
fascinating  tield,  seems  to  have  rested  on  his  laurels,  content  with  the 
one  etTort.  his  name  in  geologic  literature  appearing  here  for  the  tirst 
and  onlv  time. 

W.  P.  Jenny,  to  whom  fell  the  economic  work,  rej)orte<l  gold  cK'cur- 
ring  (1)  in  veins  of  quartz  traversing  Archean  schists  an<l  slates;  (2) 
in  slate  mineralized  by  waters  de|x>siting  silica  and  iron  pyrites;  (3)  in 
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the  conglomerate  forming  the  lower  layer  of  the  Potodam  sandstono 
and  derived  from  the  Archean  rocks:  (4)  in  trachyte  and  porphyry 
intruded  at  the  time  of  the  elevation  of  the  hills;  (5)  "in  deposits  in 
the  slates  and  sedimentary  rocks  produced  by  the  intrusion  of  the  tra- 
chyte and  porphyry,"  and  ((1)  "in  placer  gravels  resulting  from  the 
decomposition  and  erosion  of  the  above  formations  in  Tertiary  times." 
The  {{iiartz  veins  he  did  not  regai"d  as  "'true  fissure  veins,"  but,  as 
they  occurred  tilling  fissures  iMjtween  the  lamellte  of  the  8chists  formed 
in  the  process  of  the  folding,  were  referred  to  as  "interlaminated 
tissures." 

The  fossils  collected  by  this  expedition  were  worked  up  by  Whit- 
eeld  while  at  Albany  in  187(1. 

Under  act  approve<l  March  IS,  ISTS.  a  geological  survey  of  Wiscon- 
lin  was  authorized,  and  I.  A.  Lapham  appointed  State  geologist  by  the 
then   acting   governor,   C.    0.   Washburn, 
Owing  to  an  apparent  oversight  on  the  part 
of    Governor     Washburn. 
wfiJT^n^VHS'"  Professor   I^pham's   name 
WHS,  however,   not  sent  tii 
the  senate  for  approval,  and  an  opportunity 
thereby  offei-ed  for  Governor  WashburnV 
successor,  \V.  R,  Taylor,  to  supt*rsedc  him 
by  Dr.  O.  W.  Wight.     So  far  ns  shown  by 
public  records,  the  transaction  was  purely 
iyilili<'al  and  not  at  ail  creditable  to  Gov- 
ernor Tiiyior. 

Laphiuti  lliei-i'fore  served  but  two  years, 
<hirinjr  this  time  rendering  two  rei)orts. 
These  were  not  published  indei)endently. 
but  sulxsequently  formed  the  lirstfiA  pages  of  the  second  volume  of  the 
reports  of  State  geologist,  T.  0.  Chamberiin.  He  was  assisted  by  K.  IX 
Irving,  T.  C  Chaml>erlin,  mid  Moses  Strong.  Tlie  two  rejwrts 
referred  to  were  nntui-ally  of  a  preliniiEiarv  nature,  designed  to  form 
the  liasis  for  future  work.  Lapham.  perhai)s  even  more  than  others  of 
his  time,  was  an  iilj-nmnd  naturalist— a  ty[>e  not  possible  in  this  day 
and  genemi  ion.  Heginning  life  as  a  .stonecutter  and  afterwards  a  elvi! 
engineer,  he  yet  found  time  to  study  and  oliserve  in  n«'arly  all  brnnchfs 
of  the  sciences,  and  this,  too.  with  reinurkalile  accuracy.  His  tirst 
paper  of  a  geological  nature  is  said  to  have  iH'cn  prepared  when  he 
was  but  sixteen  years  of  age,  and  was  published  in  the  American 
Journal  of  Scimec  for  IK'JiS.  This  gave  an  account  of  the  gi^ology 
in  the  vicinity  of  tlie  Louisville  and  Shijijiingport  Canal,  and  was  ilbis- 
trate<i  bv  a  map  and  geological  sections  of  a  natun-  verv  creditable 
to  a  youtli  of  his  years. 

His  bibliography  iiiclu'les  upward  of  Hfty  titles,  enibrai-ing.  I>esides 
geology,  articles  on  climatohigy.  archa-okigy,  botany,  and  L'artogra- 
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phy.  He  in  roprc^^erited  a.s  r  modest,  patient,  anil  industrions  nmii. 
living  more  for  the  service  of  otbera  than  for  his  own  aggmndizement. 
He  died  of  heart  troubli;  while  nione  on  a  lake  near  Oconomowoi', 
Wisconsin. 

Ijapham  wat*  succeeded,  as  abovp  noted,  byO.  W.  Wight,  who  nerved 
Idit  one  year  (1875).  His  one  report  of  progrt-sH  was  not  pti))lished  at 
(he  time,  hut  was  likewise  inchided  by  ChanilM'rIiii  in  the  wecond  vol- 
ume of  the  tiiial  it'iMirls.  lM>aring  date  of  lw77.  It  contained  matter  of 
little  other  than  historical  inteivst. 

In  February,  Ik7*>,  Prof.  T.  C  t'hamberlin  was  placed  in  charge  of 

the  IState  survey.     The  oigaiiizittion  continued  in  existence  until  1K7!), 

the  final  reportw  appearing  in  the  form  of  four  royal  octavo  volumes, 

dated,  respectively.  Vol.  I,  issii;  Vol.  II.  1x77;  Vol. 

S?wtoSS3o.  ni76?' II'.  18W.  and  Vol.  IV.   181S2.  comprising  altogether 

3.0:15  pages. 

The  principal  assistants  on  the  survey 
were  R.  I>.  Irving,  F.  H.  King,  Moses 
.Strong.  E.  T.  .^wee(.  .P.  O.  Whitnev.  and 
L.  C.  Wooster.  K.  I*.  Whittield  served  as 
j>iileont4>logist.  Aside  from  aeting  us  di- 
rM-tor  i>f  the  survey.  ('hamlN>rlin  liiniself 
look  charge  of  the  geology  of  ciistern 
Wi.sc<msin,  of  which  he  dcscrilHnl  in  con- 
siderable detail  the  hydmlogy,  the  .soils, 
iind  the  glacial  <lrift.  The  so-called  Kettle 
Itange  he  lielieved  to  be  in  i>art  moraines, 
and  the  kettle  holes  to  Im>  due  mainly  to  the 
melting  of  mii.s.4es  of  ice  buried  in  the  gmv- 

eU.     I  le  discus.s(>tl  the  economical  value  of        ~   '  vVji». 

the  cbiys  and  shell  marls  of  the  region,  and 

for  the  first  time  in  America  deniiHistnitMi  the  usefulness  of  the 
iiiieroscope  iu  exanunations  of  detrltjil  nicks.  In  this  connection  he 
noUnl  that  a  microscopic  exarninati<in  of  the  sand  gmins  of  the  Pots- 
dam sandstone  was  entirely  fatal  to  the  view  still  <K'casioniilly  advanctnl 
to  the  effect  that  such  were  prtMlnciH]  by  crystalli/tition  from  solution. 
He.  in  his  turn,  however,  failed  t<i  recognize  the  {xtssibility  i>f  the 
crystalline  form  of  some  of  the  grannies  Ix'ing  due  to  si'ci>ndary 
cidargeinent  (set-  pp.  4);»  and  ."'O-t). 

The  oolitic  iron  ore  lying  lietween  the  Cincinnati  shales  and  the 
Niagara  limestone  was  thought  U>  Ih-  undoubtedly  a  marine  de|>osil  laid 
<hiwn  iu  detached  Imsins.  It  was  shown,  further,  that  the  three  well- 
markeil  elaMM-s  of  Itinesloiie  occurring  in  the  southeastern  counties  of 
^ViM■<msin  grwh-d  into  each  other  and  were  doubtless  formed  contem- 
IHiraneiHisly,  the  residual  mnund-  or  ridges  l>eing  ancient  eond  reefs, 
while   tlie   granular   sand  risk   was    formed  from  calcareous  sands 
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derived  by  wave  action  from  the  reef,  the  compact  strata  being  deeper 
quiet- water  deposits  of  the  same  material. 

Cham  be  rl  in  also  investigated  the  ore  deposits  of  the  southeastern 
part  of  the  State,  and  discussed  thoroughly  the  problems  involved  in 
the  origin  of  the  ores,  disagreeing  in  many  minor  points  with  both 
Doctors  Owen  and  Whitney.  The  crevices  in  which  the  ores  occur  he 
believed  to  have  originated  primarily  in  the  folding  of  the  rocks  by 
lateral  pressure.  He  pointed  out  that  the  ore  beds  occur  mainly  in 
basin-like  depressions  and  argued  that  the  ore  material,  originally  in 
solution  in  sea  water,  was  deposited  contemporaneously  with  the  lime- 
stone through  the  action  of  sulphureted.  vapors  given  off  by  the 
decomposition  of  organic  matter,  and  that,  after  the  elevation  of  the 
beds  above  sea  level,  percolating  meteoric  waters  oxidized  and  dis- 
solved the  ore  once  more  and  carried  it  into  the  fissures  above  noted, 
where  it  was  the  second  time  precipitated  as  sulphides.  Fourteen- 
hundredths  of  1  per  cent  of  ore  material  disseminated  throughout 
100  feet  in  depth  of  the  ore-bearing  limestone  would,  he  pointed  out. 
be  sufficient  to  have  formed  all  the  deposits  as  they  now  exist.  He 
did  not  agree  with  Whitney  in  assuming  that  the  oceanic  waters  of 
early  geologic  periods  were  richer  in  metallic  salts  than  those  of  'ater 
data,  instancing  in  support  of  his  argument  the  fact  that  the  ore-bearing 
beds  were  in  many  cases  realh^  poorer  in  organic  matter  than  those 
which  were  nonmetalliferous  and  more  ancient.  This  criticism  did  not, 
however,  affect  the  gencM-al  principle  as  laid  down  by  Whitney.  With 
his  predecessors  h(»  doubted  the  probability  of  the  existence  of  work- 
able deposits  of  ore  in  the  Lower  Magnesian  limestone. 

Volume  I  of  the  reports  of  this  survey  was  designed  as  a  general 
treatise  on  the  geology  of  the  State,  suited  to  the  wants  of  exi)lorers. 
niiiKMs,  landowners,  and  manufacturers.  In  this  Chamberlin  stilted 
his  belief  that  the  original  source  of  the  Keweenawan  copper  ore  was 
the  igneous  rocks,  from  whence  it  has  been  concentrated  through  the 
agency  of  permeating  atmospheric  waters.  To  nuote  his  own  words, 
he  believed — 

Firnt,  that  thv  metals,  copper  and  silver,  were  primitively  constituents  of  the  rotks 
that  were  melteil  t(»  pro<luce  the  laviL<  which  formed  the  trappean  sht^jts  of  the 
formation;  second,  that  they  were  brought  up  and  spread  out,  commingleil  with 
the  molten  rock  material;  thinl,  that  they  were  chemically  extracted  thence  by  }»er- 
colating  waters  and  concentrate<l  in  the  porous  belts  or  fissures  of  the  f<»rniatinii. 
giving  rise  to  the  exceptionally  rit'h  deposits  for  which  the  formation  is  famous;  and 
fourth,  that  the  surf a<'e  disintegration  of  j)ort ions  exposed  in  the  latter  j)art  of  tlie 
I)eri«>d  yielded  metalli<'  ingredients  to  the  adjacent  se^i,  from  whence  they  were 
extracte*!  by  organic  agencies,  giving  rise  to  impregnat^Nl  sediments,  which,  in  turn, 
through  sul)s«M|uent  concentrations,  gave  rise  to  other  copper  and  silver  ilep<»sits, 
among  whi«"h  are  to  be  re<-koned  the  later  metallic  horizons  of  tlie  Lake  Suj)erior 
region  an<l  i)ossibiy  elsewhere. 

Naturally,  the  subject  of  the  drift  wa.s  treated  in  considerable  detail. 
The  Glacial  period  was  divided  into  the  Terrace  or  Fluviatile  epoch. 
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Chiunplain  or  Lacustrine  epoch,  the  Second  (ilHcial  epoch,  inter- 
(rlacial  epoch,  and  tir^^t  Glacial  epoch.  This  furtiial  iiniiuuncenwnt  of 
the  fa4't  that  there  had  been  two  distinct  i)eriod!i  of  glaciatioii  whs 
hereiniideforthGtiixttinic,  ulthonghai4  noted  on  pajr*^  44^3,  Prof.  l->lward 
Hit*htock  had  sugge-tted  it-s  [wsaibility  as  early  an  185«.  Thu  law  of 
tluwage  Chaniberliii  regarded  aa  ewscntially  siqiilar  to  tlmt  of  viscous 
tliiidH,  in  accordaiue  with  the  observations  of  Agnssiz,  Forbes,  Tjn- 
diill,  and  others.  A  later  study  of  Greenland  glaciers  has  t-uused  him 
to  change  his  views  on  this  point. 

Irving,  as  one  of  Chaniltertin's  lussistants,  dwelt  with  gr^at  detail  on 
the  lithologii-al  character  of  the  roi-ks  in  the.  regions  surveyed  by 
him.  and  his  r«[K)rts  are  iKitable  for  the  l>eiiuty  of  tlic  colored  plates 
of  thin  sections,  whicli  were  Uy  far  the  Itest  that  had 
?87*.i»7^'  ^on  prepared  and  published  by  an  Auiorican  up  to 

that  date.     He  was  assisted  izi  tliis  i»rt  of  the  work 
by  C-  K.  Van  Hise.     He  also  described  in  some  detail  the  glacial  drift, 
and  was  the  tirst  to  announce  that  the  Kettle 
Itange  of  central  Wisconsin  was  a  continu- 
ous teriiiinHl  moraine. 

Ill  the  thini  edition  of  his  work  on  Acadian 
(ieology,  which  ap{K>a red  in  1878,  Dawson 
n>1uriied  once  more  to  a  vigorous  discussion 
of  the  problems  of  the  ice  age,  and  t'> 
register  again  his  opposition  to  the  views 

^rencmllv  held  by  American 
Third  Bdlttoa  of  ,       .  '  , . "  .       , 

Daniia'i  AudUn        ifOoUlirlsts.        MhUV     of     iMC 
timiatr.  IMS.  ''  "  i     'i        i 

arguments  u,<('d  closely  re- 

semble<l  those  of  hi-:  former  paiwrs  and  may 
Ik'  reviewfHl  here  for  the  last  time.  He  n^ 
garded  the  phenomena  of  the  iKiwider  <'lay 
and  drift  in  eastern  America  as  due  to  the 
action  of  iocn!  glaciers,  drift  ice.  and  the  agency  of  cold  northern 
currenls.  .\giiiiist  the  theory  <if  an  universal  glacier  lie  again  argued 
on  the  ground  that  such  sup|Misitioiis  were  n<it  warmnted  by  the  facts. 
"The  lemixTale  regions  of  North  America  could  not  Ih-  covered  with 
a  permanent  numtle  of  ice  under  existing  c<mditions  of  s<ilar  radiation: 
for,  even  if  the  whole  wen>  elevated  into  a  talili'-land,  its  breadth 
would  secure  a  sutlicient  summer  heat  to  nu'lt  away  the  ice  except 
from  high  mountain  [M-aks."  For  the  supixisition  that  such  innnense 
mountain  cluiins  existed  and  have  disap)>eare4l.  he  found  no  warrant 
in  geology,  and  for  such  an  **  unexani]ile<l  astnmomical  causi*  of  ref rig- 
enitton"  a--  the  e»rth*s  [Missing  into  a  colder  j>ortion  of  >|i»ce,  he  found 
no  evidence  in  astronomy.  Against  Frankland's  idea  that  glaciation 
wa-  brought  altout  through  a  higher  tem|>erHlure  of  the  h-h  along 
with  a  lower  temperature  of  the  land,  he  instam-^-d  the  actual  colrler 
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condition  of  the  sea,  as  shown  by  the  fossils  of  that  period.  He  aj^reed 
with  Lyell  in  regarding  the  theory  of  the  varying  eccentricity  of  the 
earth  as  expounded  by  Croll  as  insufficient;  moreover,  it  seemed  to  him 
physically  impossible  that  a  sheet  of  ice  such  as  that  supposed  could 
move  over  an  uneven  surface,  striating  it  in  directions  uniform  over 
vast  areas  and  often  different  from  the  present  inclination  of  the 
surface. 

He  was  further  influenced  in  his  opinion  by  the  work  of  Hopkins, 
who  showed,  apparently,  that  only  the  sliding  motion  of  glaciers 
could  polish  or  erode  rock  surfaces,  and  the  internal  changes  in  their 
mass — the  result  of  weight — could  have  little  or  no  effect.  Glaciers, 
moreover,  he  argued  could  not  have  transported  the  bowlders  great 
distances  and  lodged  them  upon  the  hilltops,  and  the  universal  glacier 
would,  moreover,  have  no  gathering  ground  for  its  materials.  The 
huge  feldspar  bowlders  from  the  Laurentide  Hills,  stranded  at  Mon- 
treal Mountain  at  a  height  of  600  feet  above  the  sea  and  from  50  to  t><i 
miles  farther  southwest,  and  which  must  have  come  from  little,  if 
any,  greater  elevation  and  from  a  direction  nearly  at  right  angles  to 
that  of  the  glacial  stria^,  were  against  the  ice-sheet  theory,  as  were 
also  the  large  bowlders  scattered  through  the  marine  stratitied  clays 
and  sands,  and  the  occurrence  of  marine  fossils  in  the  lower  part  of 
the  drift,  in  the  true  till  near  Portland  and  Cape  Elizabeth,  Maine,  and 
at  various  points  on  the  St.  Lawrence  in  Canada.  In  the  Post- 
Pliocene  deposits  of  Canada  he  found  evidence  of  a  gradual  elevation 
from  a  state  of  depression  which  may  have  amounted  to  more  than 
500  feet,  while  only  the  bowlder  clay  represents  the  previous  subdi- 
vision, and  only  striations  on  the  rocks  indicate  an  ice-clad  condition 
of  the  land.  Both  plant  and  animal  life  indicated  to  him  that  the  con- 
ditions of  temperature  of  the  sea  were  not  greatly  different  from  those 
of  to-da3\ 

Referring  to  the  direction  of  the  strije,  he  found  evidence  such  as 
led  him  to  declare  without  hesitation  that  their  direction  is  ^'from  the 
ocean  toward  the  interior  against  th<'  slope  of  the  St.  Lawrence  \'al- 
lev."  This,  hv  felt,  at  once  disposed  of  the  glacial  theory  for  the 
prevailing  set  of  stria',  since  he  coidd  not  suppose  a  glacier  to  move 
from  th(*  Atlantir  up  into  the  interior.  On  the  other  hand,  he 
retnirded  it  as  eminentlv  favorable  to  the  idea  of  ocean  drift.  A 
subsidence  sufficient  to  convert  the  Canadian  plains.  New  York,  and 
New  F^ngland  into  a  sea  would,  he  thought,  cause  the  Arctic  current 
to  pour  over  the  LaurcMitide  rocks  on  the  north  side  of  Lake  Suixu*i<»r 
and  Lake  Huron,  cutting  out  the  softer  strata  to  form  their  beds,  and 
drifting  their  materials  to  the  southwest.  The  lower  stnita  of  the 
current  would  be  diverted  through  the  strait  between  the  Adirondacks 
and  Laurentide  Hills,  and,  flowing  over  the  ridge  of  hard  rocks  which 
connects  them  at  the  Thousand  Islands,  would  cut  out  the  long  basins 
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of  I^ke  Ontario,  heaping  up  at  the  same  time  in  the  lea  of  the  Lau- 
rentian  ridge  the  great  mass  of  l)owlder  clay  which  intervenes  between 
Ijake  Ontario  and  Georgian  Bay.  Lak(»  Erie  and  Lake  Michigan 
were,  he  argued,  cut  out  by  similar  currents.  At  times  of  obstruction 
of  currents  which  produced  the  southwest  striations,  while  the  val- 
leys of  the  Ottiiwa,  Mohawk,  Lake  Champlain,  and  the  Connecticut 
were  arms  of  the  sea,  the  currents  would  set  along  these  arms,  pro- 
du<*ing  the  northwest  and  southeast  striations. 

Ix)cal  glaciation  might  prevail  In  high  peaks,  but  the  so-called 
moraines  were  to  his  mind  shingle  Inmches  and  bars  and  old  coast  lines 
loaded  with  bowlders  and  ozars.  The  fiords  on  the  coast,  like  the 
deep  lateral  valleys  of  mountains,  wen*  evidences  of  the  action  of 
waves  and  currents  rather  than  those  of  ice. 

The  subsidence  noted  al)ove,  which  would  result  in  converting  the 
plains  of  Canada,  New  York,  and  New  England  into  seas  and  cause 
the  Arctic  <*urrent  to  flow  over  the  submerged  area  from  northeast  to 
southwest,  would  produce  a  current  which  would  move  up  a  sloi)e, 
and  the  ice  which  it  bore  would,  therefore,  tend  to  ground  and  grind 
the  lM)ttom  as  it  pass(»d  into  shallow  water." 

In  the  first  c^lition  (isr>5)  of  Acadian  (reology  the  occurrence  of  the 
alljertitedei^osits  in  the  Lower  CarlK)niferous  rocks  of  New  Brunswick 
n»ceived  considenible  attention.  In  the  discussions  there  given  relat- 
ing to  their  origin,  he  concludc»s  that  the*  material  belongs  to  the  purest 
variety  of  bituminous  coal,  related  to  the  pitch  coals  or  jets.  He 
admitted,  however,  that  it  had  some  claim  to  Ih»  considen»d  a  distinct 
minenil  s()ecies  intermediate*  Iw^tween  the  coals  and  asphalts.  At  that 
time  he  reganhnl  the*  dejK>sit  as  having  originated  through  the  deposi- 
ticm  of  organic  matti»r  in  fresh  water,  the  deposit  having  since  lieen 
very  singularly  distortinl  by  mechanical  pressure. 

In  the  second  edition  of  the  work  (ls*;.s)  he,  howev(»r,  modified  his 
expn»ssed  opinion,  accepting  the  views  of  more  recent  explorers  like 
Hit<*hc<H'k,  I^ilev,  and  Hind,  who  had  described  the  de|K>sit  as  a  vein 

"To  Hiil»»<taiitially  tlu'H*  view."  Dawnon  hvhl  to  tht*  vt»ry  la>«t.  In  his  I<v  Ai^v  in 
<*anu(la  (ls*«:{)  h<'  m  foinnl  ^till  comfuitin^  vi^omuHly  the  idea  that  all  northern 
Knn»iK*  and  Anieriea  were  eovere<l  hy  a  tntr  'ft  glare  moving  to  the  Hoiithwanl  and 
«»iitward  to  th«'  »<€«,  and  which  niovf**!  not  unlv  ><toneH  an<l  rhtvto  imnienHediHtanreH, 
hut  i;la<'iat«*<l  and  ^triat*^!  the  uhole  Hurfai'e.  The  ^laeial  theory  ot  A);a><si/  and 
•  •tht*r»  he  d«TH-nhe«l  a*«  having  ^rown  nntil,  hke  the  inia^rinary  i^laeirrr"  theniH<'lv<*>',  it 
MVfH'iin'ad  the  whole  earth.  He  a<lopt<Hl  rather  what  he  eallf<|  the  nnKlenU«»  view 
of  Sir  K4Mli*rirk  Mun*hirM»n  and  Sir  CharlfH  I.yell.  to  theeff<»<-t  that  IMeist^K'fne  hiiIihi- 
dfiKv  and  n-lri^reratioii  ppmIikmn!  a  ntate  ot  our  <*ontin<Mits  in  wtneh  ttie  l<»wer  levels, 
and  at  (vrtain  i»«»ri<MiM  ev«*n  the  to|»-i  oi  the  hii;ti<*r  hill?»,  wen*  Milunerjre<l  nnd<*r  water 
till«*<|  every  HeaH>n  with  h«'avy  field  km*  foriiiiMl  on  the  Hnrfa«'<*ot  thes<'a,  a?*  at  preH'iit 
in  Smiths  Sound,  and  al*Mi  with  alnindant  i(**'lN'r)^  deriv<*<|  troin  ^lacier^  des4'en<linv; 
from  tiii*«nt)iiier>r>*<l  iiioiintain  di*>trirtx  Tin*  lat««r  lMi4N*«'ne.  mi  lar  ant  anaila  wan  con- 
i-tTiMHt,  he  <*onMidi'rtHl  to  In*  a  fteriiMl  <i|  (Nuitinental  elevation  and  pndiahly  ot  tein- 
l»enit**  ehinaU*. 
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tilled  with  bituminous  matter.     The  source  of  the  bituminous  matter 
he  supposed  to  be  the  Lower  Carboniferous  shales.     In  his  own  words: 

The  deposit  of  the  Alhert  mine  would  thus  ])e  a  vein  or  fiasure  constituting?  an 
ancient  reservoir  of  petroleum  which,  by  the  loss  of  its  more  volatile  parts  and  x»artial 
oxidation,  has  bet>n  hardened  into  a  coaly  substance. 

He  regarded  the  Nova  Scotia  gypsum  beds  as  due  to  the  altemtion  of 
beds  of  limestone  by  free  sulphuric  acid  poured  into  the  sea  by  springs 
or  streams  issuing  from  the  volcanic  rocks.  In  this  connection  he 
gave  a  highh'  interesting  verbal  picture  of  the  condition  of  affairs,  as 
he  imagined  them  to  exist,  at  what  is  now  the  Southern  Hants  and 
Colchester  at  the  time  when  the  marine  limestones  and  g^'psums  were 
produced. 

At  this  iKjriod,  then,  all  the  space  between  the  Col)equids  and  the  Rawdon  Hill?* 
was  an  open  arm  of  the  sea,  communicating  with  the  ocean  both  on  the  east  an<l 
west.  Along  the  margin  of  this  sea  there  were  in  some  places  stony  l)eaches,  in 
others  low  alluvial  flab<  covered  with  the  vegetation  characteristic  of  the  Garlx)nifen:>iuj 
period.  In  other  places  there  were  creeks  and  lagoons  swarming  with  fish.  In  the 
l)ottom,  at  a  moderate  distance  from  the  shore,  l)egan  wide  banks  of  shells  and  ('orals, 
and  in  the  central  or  deeper  i)artsof  the  area  there  were  beds  of  calcareous  mu<i  with 
comparatively  few  of  thewe  living  creatures.  In  the  hills  around,  volcanoes  of  far 
greater  anti<piity  than  those  whose  products  we  con.<idered  in  a  former  chapter,  were 
altering  and  cahdning  tlie  slaty  and  quartzose  rocks;  and  from  their  sides  ev€»ry  land- 
fiood  iMjured  down  streams  of  red  sand  and  mud,  while  in  many  i>laces  rills  and 
springs,  strongly  impregnated  with  sulphuric  aci<l,  were  flowing  or  rising,  and  entering 
the  sea,  <lecomposed  vast  quantities  of  tlie  carbonate?  of  Hme  accumulated  by  shell.** 
and  corals  and  convertc<l  it  into  snowy  gy])sum. 

The  fauna  of  tlie  s(*as  of  the  Lower  Carl )on if erous  coal  formations 
and  Permian  periods,  both  in  Kurope  and  America,  j)resentcd  so  great 
similarities  that,  in  a  i)road  view,  he  felt  thev  were  identical.  The 
chanofes  and  the  subdivisions  of  this  fauna  were  related  not  nierelv  to 
lapse  of  timc^  but  to  vicissitudes  of  j)hysieal  conditions.  It  followed 
that,  according  to  his  reasoning,  if  the  peculiar  Permian  condition-* 
indicated  l»v  the  rocks  came  earlier  in  Nova  Scotia  than  in  Euro()e  the 
character  of  the  fauna  might  also  be  changed  earlier.  In  oth(M'  word*-. 
•*  We  have  both  rocks  and  shells  with  Permian  aspect  in  the  earlier 
Carboniferous  periinl.''  Tln^  fact  that  the  marine  fauna  (»f  the  Lower 
('arbonif(»rous  of  Nova  Scotia  more*  nearly  resemi)led  that  of  Kurop«' 
than  the  western  States  he  regarded  as  indicating  that  the  Atlantic-  wa> 
at  that  time  probably  an  unol)stiucte(l  sea  basin  as  now,  while  the  Ap|>a- 
laehians  already,  in  part,  separated  the  de(»p-sea  fauna  of  tin*  Carbon- 
iferous seas  (»ast  and  west  of  them. 

ConcerniniT  the  orioin  of  coal  he  wrote:  '*  MiniM'al  charcoal  result> 
from  subaeiial  decay;  the  compact  <-oaL  frou)  suba<|ueoiis  putrefaction 
mor(M)ile>s  modified  by  lieatand<'Xj)osuretoair.*'  Fui*th<'r,  he  regarded 
mineial  charcoal  as  the  woody  debiis  of  tre<'>,  while  the  compact  coal 
v/as  produced  from  the  bark  of  thes(»same  tn^'s  along  with  such  wooiiy 
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into  one  of  the  most  prolific  and  voluminous  writei*s.  The  Geological 
History  of  Plants,  The  Air  Breatliers  of  the  Coal  Period,  The  Cana- 
dian Ice  Age,  The  Dawn  of  Life,  Story  of  the  Earth  and  Man,  Fossil 
Men  and  their  Modern  Representatives,  The  Meeting  Place  of  Geology 
and  History,  and  Modern  Science  in  Bible  Lands  are  among  the  liest 
known  of  his  writings,  in  addition  to  the  work  above  reviewed.  In 
educational  matters  he  was  always  prominent,  and  the  present  stand- 
ing of  McGill  University  is  largely  due  to  his  industry  and  ability  as 
an  administrator.  He  is  represented  by  his  biographer  as  a  man  of 
quiet  geniality,  gentle  and  courtly  in  manner,  but,  as  may  l)e  I'eadily 
surmised  from  his  record  in  the  Eozoon  controversy,  decided  in  opin- 
ion and  tinn  in  action.  Like  Alexander  Winchell  he  took  a  prominent 
part  in  overcoming  the  popular  prejudice  concerning  the  8upix)se<l 
antagonism  between  religion  and  the  sciences,  particularly  geology. 
An  advanced  and  liberal  thinker,  he  was,  nevertheless,  not  an  evolu- 
tionist in  the  ordinary  acceptance  of  the  term.  He  believed  that  the 
introduction  of  new  species  of  animals  and  plants  had  been  a  continu- 
ous process,  not  necessarily  in  the  sense  of  deviation  of  one  species 
from  another,  but  in  the  higher  sense  of  the  continued  operation  of 
the  cause  or  causes  which  introduced  life  at  first.  The  historv  of  a 
life,  he  argued,  presents  a  progress  from  the  lower  to  the  higher,  from 
the  simpler  to  the  more  complex,  and  from  the  more  generalized  to 
the  more  specialized.  In  this  progress  new  types  are  intix)duced  and 
tiike  the  place  of  the  older  ones,  which  sink  to  a  relatively  subordinate 
place  and  ])ecome  thus  degraded.  To  him  paleontology^  furnished  no 
direct  evidence  as  to  the  actual  transformation  of  one  sj^ecies  into 
anothcM'  or  as  to  the  actual  ciicumstances  of  creation  of  a  species;  but 
the  drift  of  its  testimony  to  him  showed  that  species  come  in  ptr  saJtuin 
rathci'  than  by  any  slow  and  gradual  process. 

Ill  isTl*  there  was  published,  as  already  noted  (p.  515),  part  one  of 
Whitnev's  Auiiferous  ( travels  of  the  Sierra  Nevada  of  California, 
and  ill  isso  part  two  of  the  same  work,  the  combined  papers  comprising 

a  volume  of  aC)!)  pages,  in  which   the  distribution. 
Gravels^  1879  sfT™"*     origin,  and  characteristics  of  the  auriferous  gravels 

of  the  Sierras  are  fullv  discussed  and  much   infor- 
niation  given  regarding  their  method  of  mining  and  economic  value. 

Discussing  the  origin  of  the  conglomeratcvs  and  the  prevailing 
theories  regarding  their  marine  origin,  h(^  wrote: 

A^'uin,  thcsf  dttrital  <li*|K».sits  arc  not  distri})ute<l  over  the  Hanks  of  the  Sierra  in 
any  sucli  way  as  thry  \\oul<l  have  }>etMi  if  th«'y  were  the  result  of  the  action  of  the 
sea.  On  the  <«)ntrary,  tliere  is  every  reason  to  In^iieve  that  tliey  conyint  of  materials 
whith  have  l)een  ltrou«_'ht  down  from  tiie  mountain  lieights  alx)ve  and  depositee!  in 
preexisting;  valh'ys;  sometimes  very  narn)W  aiM'umuhUions,  simply  beds  of  aiieient 
rivers,  and  at  nther  times  in  wide  lake  like  expanses  of  former  water  eoimH:»s. 

SubMM|uenl    work  lias  api)arently   fullv  confiriiKMl  WhitneyV  view. 
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The  time  of  deposition  was  put  down  by  bini  as  durinj(  the  latei 
Pliocene  epoch,  and  not  as  late  as  the  drift  of  the  Dihivial  jM^riod. 

Many  pages  were  devoted  to  the  vcrtebrat(»  fossils  found  in  the 
auriferous  gmvels,  and  particularly  to  the  evidences  of  man,  and  the 
Calaveras  skull.  The  (juestion  of  the  contemporaneous  deposition 
of  this  skull  with  the  gravels  has  been  too  fre(|uently  discussed  by 
ethnologists  to  need  more  than  a  brief  nutrition  here.  Suflice  for  the 
present  to  state  that  Whitney  himself  seem>  to  have  l»cen  fully  con- 
vinced of  the  genuin<»ness  of  the  tind,  and  regard(»d  it  as  establishing 
Inn'ond  doubt  the  existence  of  Tertiarv  man  in  California. 

In  discussing  the  source  of  the  gold  and  its  distribution  in  the  giiivel 
Whitney  took  o<*casion  to  express  the  opinion  that,  as  a  whole,  the 
oc<'urrence  of  metalliferous  ores  is  rather  a  surface  j)hrnomcn<>n  than 
a  deep-seatod  one,  and  that  this  is  du(»  to  the  favoral)le  coiHiitions  for 
fissure  formation  and  deposition  from  solution  controlled  by  tempera- 
ture and  pressure. 

The  source  of  the  gold  he  thought  to  be  undoubtedly  tlu»  (|uartz 
veins  which  traverse  the  Jurassic  slates,  a  fact  to  his  mind  refuting 
Murchison's  theory  of  the*  occurrence  of  gohl  exclusiv(»ly  in  I*aleozoic 
rocks.  He  found  no  evidence  to  support  the  opinion  that  the*  large 
size  of  the  nuggets  in  the  gravel  was  .du(»  to  a  gradual  growth  through 
chemical  precipitation."  He  regarded  such  as  more  or  less  dentritic 
and  branching  masses  which  have  be(»n  liberated  fi*om  the*  gangue  and 
reduced  to  jK»bble  form  by  the  {X)unding  they  rec(Mved  in  the  moving 
gravels. 

Whitney's  work  on  the  auriferous  gravels  was  followed  in  ISSO  and 
lHh2  by  an  cHpially  comprehensive  work  on  climatic  changes  of  later 
geological   times,  the  discussion  being  based  largely  on  observations 

made  during  the  work  of  tin*  California  survey. 
ciiMmr  *SSS?S82  ^^  hitney  was  struck  by  the  apiH»arance  of  recent  desic- 
cation in  the  West,  as  illustrated  by  the  lake  r(»gions 
of  the  (ireat  Basin,  and  from  a  study  of  the  phenomena  here  met  with 
a>  comparcnl  with  those  in  other  regions  he  was  led  to  conclusions 
radi<-ally  at  variance  with  those  connnonly  accepted  by  his  co-workers. 
It  will  1h»  rememlM»red  that  in  thi»  work  on  the  auriferous  gravels  he 
took  the  ground  that  there  had  lH»en  no  appreciable  change*  in  eleva- 
tion of  the  Sierras  rince  the  clos«»  of  Cretaci»ous  timers,  and  he  argued 
that  the  Tertiarv  auriferous  gravels  were  laid  down  by  the  rivers  of 
that  jHTiod  whi<*h  flow*»d  through  broad  channels,  the  presi'ut  deep-cut 
V-sha|M»d  channels  Ijeing  due  to  the  smaller  volum**  of  water  which 
was  the  result  of  a  decrease  in  annual  precipitation. 

Concerning  such,  he  wn)te: 

It  in,  mt*  H  jriMM'nil  niU*,  wafi*  to  h^iiiih*  that  wIhti-  U-Hha|»«N|  vallevH  «'xist  the  ^ht- 
|M*ii*h('ular  wall^  have  an  onit^raphic  nri^rin  and  that   th«>'s>  <•(  V  hirin   ha\«*  hatl   Miat 

"  lUnt'iit  wr>rk  •>(  A.  LiviTviid)^*,  th<*  .\u^tnlliall  iiiiiienil4»^iHt,  ('<>iilirtii>>  thi><  \i«'\\. 
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shape  given  to  them  by  the  di^bris  piles  which  have  accumulated  against  their 
sides.  The  farther  we  descend  the  mountain  slope  the  less  the  grade  and  conse- 
quently the  less  the  carrying  power  of  the  stream.  Hence  the  valley  which  is 
U-shaped  in  the  upper  j)art  of  its  course  acquires  more  and  more  of  a  V  form  as  it 
approaches  the  plain  at  the  ])a8e  of  the  range  from  which  it  heads. 

Whitne}^  thought  to  be  able  to  trace,  not  to  go  too  much  into  detail 
a  period  of  warmth  and  heavy  precipitation  followed  by  one  of  desic- 
\,  cation,  but  anticipated  b}'  one  of  cold  and  glaciation,  the  glaciers,  how- 
ever, being  limited  to  the  most  elevated  ranges  of  the  Cordilleras.  At 
the  outset  he  announced  himself  a.s  opposed  to  the  "wild  and  ab.surd" 
ideas  that  had  prevailed  regarding  glaciation  in  the  Sierras,  and  stated 
it  as  his  belief  that  here  at  least  ice  had  played  but  an  extremely  sub- 
ordinate part  as  a  geological  agent,  though  "there  is  no  doubt  that 
the  great  California  range  was  once  covered  with  grand  glaciers,  but 
little  if  at  all  inferior  to  those  which  now  lend  such  a  charm  to  the 
Swiss  Alps.'' 

In  the  discussion  of  the  question  he  called  attention  to  the  fact  that 
the  (ireat  Lakes  of  North  America  and  most  of  those  of  other  coun- 
tries as  well  are  included  in  areas  underlain  b}^  Paleozoic  rocks  or 
those  parti \^  Paleozoic  and  partly  Archean,  and  are  due  not  to  glacial 
erosion,  but  to  orographic  movements — Lake  Superior,  for  instance, 
occupying  a  synclinal  depression  in  Paleozoic  rocks  just  along  the  edge 
of  the  Azoic  series. 

The  Lake  region  of  the  Great  Basin  while  likewise  orographic  in 
origin  has  l)ecome  desiccated  through  climatic  changes,  he  finding  no 
evidence  that  there  has  been  any  essential  alteration  in  the  configura- 
tion or  topography  of  the  western  side  of  the  continent  since  the 
(ilacial  epoch — that  is,  since  the  time  when  the  crests  of  the  highe^st 
ranges  were  to  some  extent  covered  with  snow  and  ice.  Therefore, 
no  pait  of  the  desiccation  which  appears  to  have  taken  place  since  that 
time  can  be  due  to  orographic  changes;  the  i)henomenon  must  have 
i)een  a  climatological  oik*. 

Th(^  j)henom(Mi(>n  of  tiords  he  considered  as  due  to  aqueous  erosion 
along  mountainous  coasts  which  have  since  become  depressed. 

It  was  Whitney's  opinion,  further,  that  the  geological  importance 
of  the  ice  sheet  had  Ihm'ii  greatly  exaggerated.  It  seemed  to  him 
b(»y()iid  (iu(\"<tion  that  the  icebergs  had  played  an  important  part  in  car- 
rying and  distributing  the  large  anguhir  bowlders  which  in  many  place;? 
lest  upon  the  surface  in  such  a  manner  as  to  show  that  they  could  not 
ha\('])(MMj  ))hice(l  in  their  j)i-esent  position  by  running  water  or  by  ^^ 
genei'al  ice  she(»t. 

lie  rei:ar(h'(l  it  as  e\  ideiit  en()u<rh  that  tlie  climate  of  northeasteX'^ 
America  durifig  the  (ihicial  epoch  \Nas  ji   period  of  greater  precipit-ai- 
tion  than   is  now  taking  place,  hut  that  it  was  a  piM'iod  of  intense  <'<>"^* 
lie  would  not  admit.     ( ila<*iation  or  a  ( Ilacial  ])eriod  was  due  merely     '^^^ 
in<reas(Hl  precipitation.      In  older  that  -^u<h  precipitation  should  ti»-fc^ 
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place  an  increaned  evaporation  from  the  land  and  water  was  necessary. 
This  could  be  brought  aliout  only  by  a  general  increase  of  teinpei-ature, 
the  amount  of  precipitation  being  the  same;  whether  it  would  or  not 
give  rise  to  glaciers  would  depend  upon  temperature,  which  itself 
would  be  dependent  upon  local  conditions  which  might  or  might  not  be 
due  to  elevation  of  land  surfaces.  His  idea,  in  brief,  was  that  while 
during  the  (llacial  epoch  over  the  entire  globe  there  might  be  a  period 
of  sufficient  warmth  to  produce  the  desired  evaporation,  the  precipita- 
tion would  fall  as  rain  or  snow,  act^ording  to  the  loc^al  uplift  or  depres- 
sion. That  the  glaciers  are  now  retreating  in  nearly  every  instance 
he  regarded  as  due  not  so  much  to  a  change  in  climate — at  least,  not 
to  a  gradual  increase  of  temperature — but  rather  to  a  gradual  decrease 
in  the  amount  of  annual  precipitation.  He  felt  that  '*The  weight  of 
the  highest  authorities  is  decide ly  against  the  theories  of  both  Adhe- 
mar  and  Croll,  from  the  standpoint  of  astronomical  science;  while  it 
is  l)elieved  that  these  theories  are  equally  at  variance  with  the  conclu- 
sions of  the  most  eminent  climatologists  of  the  present  day.  At  all 
events,  the  evidence  in  favor  of  a  cyclical  rei'urrence  of  cold,  or 
Glacial  periods,  sinks  into  insigniticiince  when  compared  with  that  indi- 
<*ating  a  progressive  diminution  of  tvmpi»rature  on  the  earth's  surface 
<iuring  the  geological  ages,  and  from  tlie  very  earliest  time  when  land 
liegan  to  exist  from  the  conditions  of  which  light  on  this  subject  could 
Ik?  procured. 

In  this  connection  it  mav  l)e  mentioned  that  Whitnev  considered  the 
movement  of  glacial  ice  due  to  wati»r: 

(ila<*ier  ice  in  not  simply  ice,  but  a  mixture  of  ice  and  water,  and  it  is  to  the  pres- 
ence of  the  latter  that  the  whole  maw  owes  its  flexibility.  The  laiyer  the  amount  of 
water,  other  tiling  U'ing  (M]ual,  the  more  easily  the  glacial  masH  movt»s.  When  the 
wat4'r  in<'reaM^  so  as  to  j^t  the  upiH*r  hand,  the  ice  jrivt»H  way  with  a  rush  and 
lHH*oineH  an  avalanche.  ♦  ♦  ♦  The  extreme  variation  of  the  rate  of  motion  of 
«liffen»nt  jrlaciers  coming  <lown  from  the  inland  ice  of  Greenland  is  <lue  to  the  differ- 
ent amounts  of  water  which  they  have  imbibed. ♦» 

The  rapid  development  of  the*  economic  resources  of  Pennsylvania, 
particularly  coal,  iron,  and  jwtroleum,  during  the  years  intervening 
lK»tween  the  publication  of  Kogei-s's  final  report  (1858)  and  1874, 
S€ooad  OMioficai  Hroused  a  great  public  demand  for  more  detaileil  knowl- 
pSmmyiviuiia  edge  of  geological  facts.     An  apix'al  was,  therefore, 

1(174  I M7.  made  to  the  State  legislature  in  1S78  for  the  establish- 

ment of  a  M»cond  gi'ological  .survey.  This  culminated  in  1874  in  an 
enactment  pn)viding  for  the  ap|K)intment  of  ten  commissioners,  hav- 
ing authority  to  appoint  a  Stiite  geologi.st  *'of  ability  and  ex|x»rience'' 
who  should,  with  ten  c(mij)etent  assistant,s,  make  such  investigations  as 
might  lx»  re<jiiin»d  to  elucidate  the  gtH)logy  of  the  State  and  put  the 

"Itj*hould  l)e  not«*<l  that  Whitney's  id»«as  were  reviewer!  in  a  Homew hat  critic^ 
niAnoer  by  G.  K.  (Hlbert  in  Science  for  March  9.  16.  and  Z^y  188.1 
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results  of  this  and  previous  work,  of  either  individuals  or  surveys, 
into  a  convenient  form  for  reference. 

Actint^  under  this  authority  the  commissioners  in  1874  appointed  as 
State  geologist  J.  P.  Lesley,  a  topographer  of  the  first  survey  under 
Rogers,  and  subsecjuently  connected,  in  the  capacity  of  topographer 
and  geologist,  with  various  private  surveys — a  one-time  clergyman,  and 
then  professor  of  geology  in  the  University  of  Pennsylvania.  Annual 
appropriations  were  made,  amounting  during  the  thirteen  years  in 
which  the  survey  existed  to  $545,000.  Under  these  seemingly  favor- 
able auspices  the  second  survey  was  inaugurated.  With  I^esley  was 
associated  from  time  to  time,  in  one  capacity  or  another,  a  consider- 
able immber  of  individuals,  among  whom  mention  may  be  made  of 
C.  A.  Ashburner,  C.  E.  Beecher,  J.  C.  Branner,  J.  F.  Carll,  H.  M. 
Chance,  E.  W.  Claypoh*,  E.  V.  d'Invilliers,  L.  G.  Eakins,  Persifor 
Frazer,  F.  A.  (lenth,  C.  E.  Hall,  T.  S.  Hunt,  A.  E.  Lehman,  Leo 
Lesquereux,  A.  S.  McCreath,  F.  Prime,  jr.,  J.  J.  Stevenson,  L  C. 
White,  Arthur  Winslow,  and  G.  F.  Wright. 

From  the  work  of  this  orgjinization  has  sprung  the  most  remarkable 
s(M-i(»s  of  reports  ever  issued  by  any  survey.  Up  to  and  including  18S7, 
when  field  work  was  practically  discontinued,  there  had  appeared  some 
77  octavo  volumes  of  text,  with  35  atlases,  and  a  '*Gmnd  Atlas."' 
Thes(^  W(M'e  followed  in  181*:^  and  1S95  bv  the  three  o<^tavo  volumes 
constituting  the  final  report. 

A  verv  lar*^'  ])oi'tion  of  the  work  of  this  survev  fell  J)ovond  the 
tim(^  limits  nientally  set  foi'  the  present  history.  It  may,  however,  l>e 
stated  that  llie  main  enei*j*ies  of  th(»  oii^anization  w^ere  directed  toward 
the  solving  of  economic  j)i'ol)leins,"  and,  as  was  the  case  with  the 
Kog(M"s  vuiNcy  whii-li  ])rece(iecl  it.  moi*e  attention  was  devoted  to 
clieniical  jukI  physical  tlum  to  paleontological  <|uestions.  Ijesquereux, 
who  had  been  res|)onsil)l(»  for  what  i)al(»obotanical  work  was  done 
un<l«M'  HnLiciN.  was  coinnns.NJoned  to  extend  his  investigations,  and  in 
IssHaiid  1^>*I^  issued  three  reports  of  t(^\t  and  one  atlas  on  the  Coal 
Kloia.  The  >trietly  ))aleontological  work  done*  from  1875  to  ISSO  was 
that  of  J.  »I.  Steveiisofi  and  1.  ('.  Wiiit(\  along  the  West  Virginia, 
C)liio.  and  New  ^'ork  bo^de!•-^• 

"  I  lui\«'  1m»!)  ni.lii/r*!  inf  the  last  tniirtefn  vrars  to  direct  the  State  hnirvev  almost 
exrliisivrly  ii)  an  eri.noiiiic  (lin*rtinn,  so  as  t«»  make  the  wiiole  of  every  approjunation 
hriiiif  a>  mm  h  I'liiit  to  th<'  husiiicss  community  as  |M>s<ihIe,  negleetinjr,  in  wfial 
sy>irmati<-  'jcoln-ji-ts  may  jtossiMy  or  prol»ahly  consichT  a  shameful  manner,  .strictly 
scifiitilic  rrsrarrh<  >.  l!\en  when  I  have  onlertMl  lon^  and  extensive  scientific 
rescarrhr-  (asin  ihrrascoi  th«'  analyses  of  tlie  Lower  Silurian  limestone  series  opjH*- 
sitc  ilarrisltiir^'i  it  has  l>cen.  not  in  the  spirit  «>f  transcenih'ntal  science,  but  with  the 
expns-  intention  to  use  the  results  directly  as  a])plied  science  to  the  economical 
demand-  "I  the  Stale.  It  can  hardly  he  understood  hy  outsiders  how  completely  a 
State  hureau  i<  -hut  up  to  this  net'essity. 

Voin>,  re.-{M'<tluhy,  J.  1*.  Lkslkv. 
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In  ihSl  imd  ISS:>>  Professor  White  studied  the  fossils  of  the  middle 
Indt  of  counties  on  th(»  Delaware,  Sustjuehaiuia,  and  the  upper  rluniata 
rivei>j.  Prof(»ss<>r  8tev(»nson  did  the  same  for  th<»  Maryland  border, 
while  K.  W.  Claypole  was  commissioned  to  prepan^  a  special  report 
on  all  forms  discoverable  in  the*  district  of  the  lower  rluniatii. 

The  main  energies  of  the  survey  were,  as  above*  noted,  devoted  to 
economic  problems,  with  particular  reference  to  the  (»xtent  both  geo- 
gniphic  and  geologic  of  the  coal  and  petroleum  foi'inations.  A  great 
amount  of  good  was  undoubtedly  accomplished,  perhaps  as  much  as 
one  has  a  right  to  exjx»ct.  Work  in  later  years  has,  liowever,  showed 
that  the  fundamental  defect  of  the  survey  was  lack  of  accurate  topo- 
graphical maps.  This  seems  the  more  remarkal)le  in  view  of  the  fact 
that  the  same  defect  l)ecame  obvious  during  the  progress  of  the  Rogers 
survey,  and  further,  in  that  Lcvslev  was,  himself,  a  topographer. 

To  quote  Lesley's  own  words  (manuscript),  the  facts  of  dominant 
importance  which  bt^cjime  impressed  upon  the  Pennsylvania  survey 
were  as  follows: 

(1)  The  Palef>zoi(' formations  n*ach  tlu'ir  inaxiiniitn  thickness  in  this  State;  and 
con8ef|iiently  a<lmit  of  a  greater  <liffen»ntiatinn  tlian  dsewhen'  into  HjHH-ial  jrroiipH  of 

(2)  The  inidille  region  of  the  State  iH  nia^nifieently  plicated  and  enxled,  exposing 
innumerable  outiTops,  connected  in  zij^zags,  and  of  iniment»e  length. 

(.'J)  No  unconformable  later  deponitt*  cover  and  conc<*al  these  outcrops,  so  that  there 
is  an  unexampled  opportunity  for  the  study  of  variable  thickness  an<l  changes  of 
tyiK?. 

(4)  The  topographical  features  are  so  dei>endent  u\)(m  the  lithology  and  structure 
that  any  geological  survey  of  the  region  must  be  virtually  a  toiK)graphical  survey. 

(5)  The  geological  areas  are  of  great  size  and  so  clearly  defined,  and  so  distinct  in 
character,  that  they  naturally  claimed  and  received  ea<*h  one  a  survey  of  its  own. 
These  areas  are:  1,  The  Bituminous  Coal  Held  of  the  west  and  north;  2,  the  Anthra- 
cite Coal  fields  in  the  east;  I{,  the  middle  l)elt  of  Devonian  an<l  Silurian  formations; 
4,  the  Mesozoic  l)elt  of  the  south  and  east;  5,  the  South  Mountain  Azoic;  (>,  the 
Philadelphia  lielt  of  Azoic  rock;  and  7,  the  region  of  (Jlacial  Drift. 

(6)  The  natural  section  of  the  Bituminous  Coal  Measures,  down  the  Monongahela 
and  up  the  Allegheny  rivers,  relieve<l  the  study  of  that  part  of  the  Paleozoic  system 
of  all  ambiguity. 

(7)  The  great  amount  of  ndning  done  in  the  anthracite  fields  made  that  part  of 
the  survey  pe<Mdiariy  exact  and  correct. 

(8)  The  great  size  and  numlH*r  of  the  brown  hematit4'  mim^  furnisluHl  unusual 
opportunities  for  the  study  of  that  kind  of  mineral. 

(9)  The  great  size  and  number  of  limestone  quarries,  exploitisl  for  the  manufacture 
of  iron  and  for  fertilizing  farms,  o|)ened  to  view  every  part  of  th<'  great  Siluro- 
Cambrian  formation,  the  whole  of  the  Ix>wer  Uelderl)erg,  all  the  Devonian,  and  most 
of  the  Carboniferous  limestone  Ix'ds. 

(10)  On  the  other  hand,  Pennsylvania  is  singularly  <iestitute  of  workable  veins  of 
the  precious  metals.  Its  poverty  in  gold,  silver,  copper,  and  lead  is  4'xtreme.  It  luus 
but  one  important  zinc  dei>osit;  and  but  one  nickel  mine."  In  fa<-t  its  Azoic  regions 
a^  a  whole  are  barren  cf)untry,  containing  but  a  few  small  magnetic  iron  ore  beds,  in 
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strong  cmtrast  to  the  adjoining  Azoic  region  of  northern  New  Jereey.  What  lilllf 
white  marble  it  possesses  makei  a  narrow  outcrop  for  a  few  mileH  alonp  a  single  llnr. 
Some  serpentine  rock,  a  little  chriKne  iron,  one  large  Roaptone  quarry,  and  «onie 
kaolin  depoeitx  eoiicliide  the  liet  of  it))  Azoic  mineralf. 

Practically  vieweil,  the  geohjgy  of  Pennaylvania  is  wholly  Paleozoic,  on  the  most 
mi^nificent  scale,  with  an  unexampled  wealth  of  anthracite  and  bituminous  coal, 
brown  hematite  iron  ore,  limestone,  rock  oil,  and  rock  gas;  and  to  the  etndy  and 
deacription  of  these  its  geolo^cul  survey  has  from  fir><t  to  last  been  devoted. 

Ijttle  attention  has  been  [laid  to  the  Hthologlcal  study  of  the  building  stones  of  the 
Stale,  or  to  their  economic  description.  The  entire  State  is  a  rock  quarry.  Ever}' 
known  buildiiig  stone  from  the  ffranites,  g:ieiseeB,  quartzitce,  and  traps,  to  hearth' 
stones.  Ragstono?,  hrownstoiie,  and  limestone  can  be  got  with  ease  and  with  infinite 
abundance  on  lines  of  tnin»portation.  All  the  principal  outcrops  of  ther^e  building 
stone  formation:'  have  l>OL'n  located  and  tlieir  places  in  the  Paleo«iic  seriei!  defined 
in  the  reports,  with  siitlicieutly  precise  descriptions  of  their  qualitieti  and  uses;  but 
beyond  this  the  Biirvey  could  not  go. 

IjOsIov  wan  lH)rii  in  Philadelphia  In  1819,  and  graduated  at  the  Uni- 
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in  IS'iS,  becoming  almost  imiDcdiately  con- 
nected with  the  State  geological  survey 
under  Rogers,  in  the  capacity  of  topog- 
rapher. In  1841,  during 
Sketch  of  LtMey.  the  temporary  suspension 
of  this  work,  he  entered 
upon  the  study  of  theology  at  Princeton. 
imd  was  liceiisetl  to  preach  in  1844.  He 
then  went  to  Europe,  where  he  studied  in 
the  University  of  Halle  during  the  winter 
<.f  1844-45. 

Hi'luriiiiig  to  America,   he  assumed  the 

[Kistorate   of   a   Congregational   church   in 

.Milfurd.    Massachusetti.    but    i-esigned   in 

l.s.^I  and  uwing,  it  is  stated,  to  a  change 

ill  bis  religions  views,  gave  up  the  ministry 

in;.'  to  Pbiladclpiiiii,  lie  soon  became  secreturv  of 

id  of  the  American  Philosophical 
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The  fact  is  theMc*  English  iiameH  are  good  for  nothing  in  Americ^a  and  ought  to 
be  ignored.  If  I  were  an  expert  in  profanity,  I  phould  say  damn  the  text-books, 
Dana's,  Le  Conte's,  and  all  of  them.  They  are  mere  museums  of  embarrassments, 
so  far  as  classitication  is  in  question.  *  *  ♦  Fortunately  Pennsylvania  is  a  very 
small  corner  of  the  United  States,  and  1  suj)po8e  it  matters  very  little  whether  its 
structure  appears  on  your  map  or  not.  But  in  heaven's  name  (I  mean  the  heaven 
of  geology),  what  do  you  gain  by  distinguishing  a  miserable  subformation  like  the 
Permian  (one  or  two  patches)  and  not  distinguishing  an  enormous  subformation 
5,000  feet  thick  like  the  Subcarboniferous?^ 

THE  WORK  OF  F.  V.  HAYDEN  AND  F.  B.  MEEK. 

The  reports  of  D.  D.  Owen  and  Dr.  John  Evans  on  the  collections 
made  by  the  latter  in  the  mauvaises  Urres  of  the  White  River  in  1849, 
as  published  in  1852,  had  attracted  a  great  deal  of  attention,  and  in 

the  spring  of  1853  Dr.  F.  V.  Hayden  and  F.  B.  Meek 

Haydcn  uid  Mock  ^  .  i^      <•     r  •wt    n  ••       i       l'  t^    :\ 

In  the  Bad  Lands,     were  employed  by  rrof.  James  Hall  to  visit  the     Bad 

Lands"  to  make  collections  of  fossils. 

The  party  met  at  St.  Louis  on  Saturday,  May  14,  1853,  where  they 
found  Dr.  John  Evans  bent  upon  a  similar  errand  under  the  direction 
of  Dr.  B.  F.  Shumard.  Leaving  St.  Louis,  the  party  proceeded  by 
boat  up  the  Missouri,  reaching  Fort  Pierre—  what  is  now  the  town  of 
Pierre,  in  South  Dakota — June  21,  whence  they  proceeded  by  wagon 
into  the  Bad  Lands  proper.  Here,  in  spite  of  the  difficulty  of  holding 
the  party  together  through  fear  of  hostile  Indians,  they  remained  for 
a  period  of  several  weeks,  returning  to  Fort  Pierre  on  July  18.  The}' 
brought  with  them  a  large  and  valuable  collection,  including  mam- 
malian remains  which  were  investigated  by  Dr.  Joseph  Leidy. 

The  Cretaceous  invertebrate  fossils  were  studied  bv  Professors  Hall 
and  Meek  and  described  by  them  in  a  memoir  published  by  the  Amer- 
ican Society  of  Arts  and  Sciences  of  Boston  in  1854.  This  paper  was 
ac<;ompanied  by  a  brief  vertical  section  by  Meek,  showing  the  order  of 
superposition  of  the  Cretaceous  beds.  As  this  is  believed  to  be  the 
first  section  of  the  region,  it  is  here  reproduced  in  full: 

Section  of  the  Members  of  the  Cretacemis  Formation  as  observed  on  tfie  Missouri  River y 

and  thence  Westunird  to  the  Mauvaises  Terres, 

Eocene  Tertiary  formation : 

Clays,  8and8t<^)ne8,  ett!.,  containing  remains  of  Mammalia.     The  entire  thickness 
of  this  formation  in  the  Bad  Lands  is  from  25  to  250  feet. 


« Some  of  Lesley's  "digs"  at  his  fellow-workers  are  masterpieces  of  their  kind. 
Thus  in  Volume  I  of  his  final  rei)ort,  where  attempting  to  descril>e  the  chaotic  condi- 
tions existing  on  the  earth  during  the  earliest  Archean  times,  and  the  intense  chem- 
ical activity  incidental  to  the  deluges  of  "sour  rain"  falling  upon  the  hot  surface,  he 
says  (p.  53):  "All  this  had  taken  place  before  the  first  age  of  which  we  have  any 
gcH)logical  monuments  and  is  only  known  to  G<xl  and  Dr.  Sterry  Hunt,  who  has 
described  it  magnificently  in  his  Chemical  Researches." 
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(■rt'UuHHuiM  formation: 

.").   Arenact'ouH  clay  juissinj^  into  argillo-i-aUareouH  sandstone.     80  feet. 

4.   IMa^itic  clay  with  calcareous  concretions  containing  nunienms  fossils.     250  to 

350  feet. 
This  is  the  principal  fossil iferonsl>ed  of  the  ("retaceons  formation  U|K>n  the  Upper 

Missouri. 
3.  Calcareous  marl,  containing  Ostrea  congesta,  Bcales  of  fishes,  etc.     100  to  150 

feet. 
2.  Clay  contiiining  few  fossils.     SO  feet. 
1.  Sandstone  and  clav.     90  feet. 
Fiuff-colored  niagnesian  limestone   of   the  Carhoniferous  perio<l. 

In  the  following  spring  (1854)  Doctor  Hayden  again  ascended  the 
Missouri  River,  this  time  parth'  under  the  auspices  of  the  American 
Fur  Company.     He  spent  two  ^^ears  on  this  expedition,  during  which 

time   he    visited  the   various   portions   of  the  Upper 

Haydcn's  Work  on  •!•  .i  i  i  ii 

the  Upper  Missouri.   Missouri,  being  Without  any  other  means  than  what  he 

earned  or  secured  in  various  ways  as  he  went  along, 
and  dependent  even  for  subsistence  entirely  on  such  friends  as  he  met 
in  the  country,  among  whom  were  Col.  A.  J.^Vaughan,  the  Indian 
agent,  and  Mr.  Alexander  Culbertson,  of  the  American  Fur  Company. 

He  traversed  th(*  Missouri  Rive]-  to  Fort  Benton  and  the  Yellow- 
stone to  th(*  mouth  of  t\w  Big  Horn,  and  also  considemble  portions  of 
other  districts  not  immcdiattdv  l)orilering  on  the  Missouri.  As  the 
boats  of  the  fur  comj)aiiy  had  to  be  towed  in  ascending  the  river,  the 
progress  was  necessarily  slow.  The  time  thus  occupied  by  the  lioats 
was  utilized  1)V  Havden  on  the  shores,  and  as  a  result  he  traversed  a 
considerable  portion  of  the  journey  on  foot. 

The  vcrti'brati^  remains  collected  on  this  trip  were,  as  in  a  previous 
caM\  describcHl  by  Doctor  Leidy,  mainly  in  papers  read  l)efore  the 
AcadiMuy  of  Natural  ScitMiccs  of  Philadelphia,  while  the  invertebrates 
were  described  bv  Doctor  Ilavden  himself  in  connection  with  Professor 
Me«»k.  The  collections,  which  were  deposited  partly  with  the  Academy 
of  Science^  of  St.  Louis  and  ])artlv  with  the  Academv  of  Natural 
Sciences  of  l*hilad<'lphia,  <ontained  a  larger  number  of  species  than  all 
those  previously  known  from  that  country,  many  of  them  being  new 
and  of  a  remarkable  charact(*r. 

Karlv  in  ls.'>r)  Havden  returned  to  St.  l^ouis,  and  on  Februarv  lo 
of  that  year  received  from  IJcut.  (i.  K.  Warren,  of  the  IT.  S.  Coi'ps 
of  Topogi-apiiical  Kiigiiieers.  aw  ollei*  to  rej)ort  upon  the  Sioux  country. 

Tiiis  icport  was  made,  and    in  Mav  of  the  same  vear 

Havden  with  .  ,.     i  *•  •    ^  •    *     i 

Warren  in  the  Sioux    W  jurcfi   ai)p<)intc(l    hun  one  ot    his  assistants   in   tln' 

Country.  1S56.  •ia-h  h*  ii^i- 

cxploiation  ot  the  1  ellowstonc  Kiveraiui  the  Mis.souri 
Ki\('r  from  Fort  Pierre  to  a  poifit  ♦><►  miles  noith  of  the  mouth  of  tb<' 
VelloNN  >tone 

'V\n'  lield  work  of  tlii^  «'.\pc(lition  began  on  Juih*  *i?S.  the  |wrty 
returning  to  Fort    Pierre  on  ()clol>ei'  :1'2.  and   leaching  Washington  in 
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X«)V(Mnl)or.      Ill  May,  lNr»7,  Ilaydt'ii  was  airajn  appointod  ji^oologist  by 

Lioutoiiant  Warn'ii,  this  timr  <»ii  an  <»xix»ditioii  to  tho 

Hayden  with  ifn  n^  •        i 

Warren  In  the  Black   HlacK  llills.      I  hr  iKirtv  was  orinmizod  at  hioux  (itv 

Hills    1857.  I  .  r«  .' 

in  Juno  and  prorrcHled  up  tho  Ijoup  Fork  of  the 
Platte,  roturninpf  to  Fort  Leavenworth,  Kansjis.  early  in  the  followinjf 
Decern  her. 

Havden  noted  the  oeeurrence  of  - 

1.  Metamorphic  Azoic  rocks,  includini^  j^ninite. 

2.  I»wer  Silurian  (Potsdam). 

3.  Devonian  (0- 

4.  Carboniferous. 

5.  Permian. 

6.  Jurassic'. 

7.  Cretaceous. 

8.  Tertiarv. 

\K  Post -Tertiary  and  Quaternary. 

In  a  preliminary  re|)ort  ^iv(Mi  hy  Warren  in  the  American  Journal 
of  Science  for  May,  \S'y\K  attention  was  called  to  tin*  im|K)rtant  physi- 
ojrraphic  fact  that  the  Niobnini  River  seemed  *'to  run  alon^a  swell  or 
ridp»  on  the  surface  and  to  Im»  pnictically  without  tributaries." 

This  would  seem  to  be  a  recoj^nition  of  the  fact,  thoujrh  not  the  prin- 
ciple, that  streams  Howintf  from  a  mountainous  <-ountry  and  laden  with 
silt  may,  in  their  lower  levels  where  the  current  is  less  nipid  and  the 
carrying  IH)wer  less,  so  dej^osit  their  load  as  to  build  iip  both  the  lK)t- 
tom  and  Imnks,  and  this  until  the  stream  actually  (H*cupies  the  crest  of 
a  ridp*.  The  Platte  River  is,  however,  a  lH»tter  illustration  of  this 
than  is  the  Niobrara.  That  |>ortion  of  the  channel  running  In^tween 
steep  bluffs  he  thought  ''must  have  originated  in  a  fissure  in  the  rcH'ks 
which  the  water  basins  enlarj^ed  and  ma(h'  more  uniform  in  size." 
This  failure  at  this  late  dav  to  realize  that  a  stream  mav  carve  out  its 
own  <*hannel  can  Ik»  cxcumhI  <mly  on  the  ground  that  Warren  was  not 
a  j^eolo^ist. 

Durinjf  the  summer  of  lsr)S  Messrs.  Havden  and  Meek  explonnl  a 
|K)rtion  of  what  was  then  culled  the  Territory  of  Kansas.  The  route 
followed,  as^iven  by  llayden  in  his  n'|>ort  publislunl  in  the  Pnu'eedinji^s 

of  the  .\cademy  of  Natunil  Sciences  of  Philadelphia, 

ESiirlRte***" '"   was  a>  follows: 

From  I>«»avcnworth  Citv  on  the  Missouri,  across  the 
country  to  Indianola  near  the  mouth  of  Sohiier  Creek  and  the  Kan- 
sjis  River:  thence  up  the  north  >ide  of  Kans;is  and  Smoky  Hill  rivers 
to  the  mouth  of  ^Solomon*^  Fork.  Here  thev  crossed  the  Smokv 
Hill,  following  it  up  on  the  M)uth  side  to  a'{K>int  near  the  ninety- 
eijfhth  dej^ree  of  west  longitude,  from  which  |)oint  they  .struck  across 
the  <»^mntrv  in  a  southwest  direction  to  the  Santa  Fe  nmd,  which 
wa**    followoil    northeastward    to   the    head   of   Cottonw(KKi   Crei»k. 
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Leaving  the  road  here,  thoy  went  down  tlie  CotUniwtxxI  Valloy  stmip  3»t 
miles,  when  they  turned  due  east  to  Council  (Jrovc,  from  which  ptave 


thi-  Suitft  Fc  ivmd  was  followed  s<.ulliwi'>t  fm-  adimt  1'4  iiiili-s  tii  a 
wiiti'i-irifi  plaro  known  as  l^iist  Spiinj^'s.  Ilric  they  -tniek  iiero,-.-  tbi' 
country  in  ti  northwe.it  <lirectit>n  to  Smoky  Hill  Kiver  tiipnH  jita  iHiiiil 
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nearly  opposite  the  mouth  of  Solomons  Fork.  Thence  the  route  lay 
down  the  south  side  of  Smoky  Hill  and  Kansas  rivers  to  Lawrence, 
and  thence  across  the  Kansas  in  a  northeastward  direction  to  Leaven- 
worth city.  The  explorations  were  very  successful,  and  the  results 
emlnxlied  in  numerous  jmpers  in  the  Proceedings  of  the  Academy  of 
Natural  Sciences  of  Philadelphia  and  elsewhere. 

In  April,  1859,  Capt.  W.  F.  Raynolds  was  instructed  to  or^nize  an 
exjx*dition  for  the  exploration  of  the  country  from  which  flow  the 
upper  trilmtaries  of  the  Yellowstone  River  and  of  the  mountains  in 

which  these  tributaries  and  the  Giillatin  and  Madison 

Haydcn  with  g>     i       x  f  •!  i»  ^X4»i^r» 

Raynoidt't  forks  of  the  Missouri  have  their  source.     (Jn  April  22 

Doctor  Ha\  den  was  appointed  surgeon  and  naturalist 
of  this  expedition.  The  party  left  St.  l^juis  May  2S,  1859,  ^oing  up 
the  Missouri  to  Fort  Piern»,  which  j)oint  was  n»ached  about  the  middle 
of  June.  From  here  the  route  was  westward  and  northwestward  to 
the  YellowstoiH*  River  by  way  of  the  Cheyenne,  the  lielle  Fourche, 
and  Powder  rivers.  The  Yellowstone  was  reached  near  the  mouth  of 
the  Bi^  Horn  alx>ut  the  middle  of  August.  From  the  Yellowstone 
the  exixMlition  turned  southward  early  in  Septeml)er  and  followed 
up  the  Big  Horn,  skirting  the  eastern  edge  of  the  Big  Horn  Moun- 
tains, finally  going  into  winter  quarters  on  Deep  Creek,  near  the  North 
Platte  River,  about  the  middle  of  October. 

The  following  May  (1860)  explorations  were  resumed,  the  expedi- 
tion going  to  Fort  lienton,  on  the  Missouri,  by  way  of  the  North 
Platte.  Win<l,  Snake,  an<l  Madison  rivers.  Fort  Benton  was  reached 
July  14.  On  the  23d  of  July  the  return  trip  to  Omaha  was  liegun, 
the  jMirty  pnH'ccding  by  Ixmt  down  the  Missouri  River  to  Fort  Union, 
and  from  the  latter  j>oint  by  land.  Omaha  was  reached  October  4, 
whi^re  the  jntrty  tlisbanded. 

The  re|Kirt  of  this  last  expedition,  published  early  in  1869,  com- 
priM»d  sunn*  174oi-tavo  pjiges,  including  3o  pages  of  paleontological 
notes  by  J.  S.  NcwUmtv.  It  was  accompanied  by  a  colored  geological 
map  of  the  region  north  of  the  foiiy-second  parallel  and  lying  l>etween 
the  ninety-eighth  and  one  hundred  and  fourteenth  meridians  (tig.  97). 

.Some  of  the  more  imi)ortant  con<lusions  arrived  at  by  Hayden  as  a 
n»sult  of  observations  on  these  <»xpeditions  are  as  follows:  He  announced 
in  1857  the  di.scoverv  of  Potsdam  sandstone  in  the  countrv  alnnit  the 

headwaters  of  the  Yellowst4)ne,  and  in  a  pk-ermiinary 

E!ii?^!?ort!."*^***"*P"^*''^*^'<*"   '"  ^'^<*  American  Journal  of  Science  for 

1861  descrilHul  it  as  more  or  less  changed  by  heat  from 
lM»n<»ath.  The  other  formations  noted  were  CarlK)nifei*ous  (including 
IVrmian  i  K  red  arenaceims  deposits  ov(»rly  ing  the  CarlK>niferous,  but  of 
uncertain  age;  Juntssic,  Cretaceous,  and  Tertiary  de|)osits.  During 
the  long  interval  that  elapscni  between  the  <le|K>sition  of  the  earliest 
|mrt  of  the  Silurian  an<l  the  eommencement  of    the  CarlK>niferous, 
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he  believed  dry  land  to  have  prevailed  over  a  large  portion  of  the 
West,  and  he  found  no  evidence  of  deep-water  deposit^  until  far  up 
into  the  Cretaceous.  Near  the  elo.se  of  this  epoch  the  waters  of  the 
^reat  Cretaceous  seas  receded  toward  the  present  position  of  the 
Atlantic  on  the  one  side  and  the  Pacific  on  the  other,  leaving  largi' 
areas  in  the  central  West  dry  land  with  but  a  slight  elevation  above 
the  sea  level.  lie  showed  that  the  White  River  Tertiary  dejXKsiUi 
were  younger  than  the  Lignite,  and  that  the  older  niemlw^rs  of  the 
western  Tertiary  wow  clearly  sepamble  into  four  division.s  exclusive 
of  the  Pliocen(*  of  the  Niobrara.  He  l)elieved  that  the  estuarian  dejK»>- 
its  ushered  \u  the  dawn  of  the  Tertiary  epoch  and  that  they  l>elonge(i 
to  the  Ko(?en<»  p(M*iod.  The  evidence  of  the  fossils  was  ivgjirded  as 
indicating  that  a  much  milder  climate  prevailed  throughout  the  We>t 
during  the  gieater  pait  of  the  Tertiary  than  at  present—  a  climate 
somewhat  similar  to  that  of  the  (lulf  States  at  the  present  day. 

In  an  artich*  on  the  Primordial  sandstone  of  the  Roi'kv  Mountains. 
published  in  the  American  rJournal  of  S<*ience  for  1862,  he  announced 
the  finding  of  undoubted  evidence  of  the  existence  of  the  equivalent 
of  the  Potsdam  sandstone  of  the  New  York  series  in  two  important 
outliers  of  the  Rocky  Mountiiin  chain.  He  pointed  out  the  singular 
uniformity  in  the  nature  of  the  sediments  and  general  lithological 
lesembhuice  to  th<»  eastern  type,  but  did  not  regard  this  as  due  to  the 
currcTits  bringing  tlu^  mat(»rial  from  the  East.  He  thought,  nither. 
that  the  uniformity  was  due  to  a  similar  uniformity  on  the  part  of  the 
underlying  rocks  from  which  sediments  were  derived — that  is,  he 
}>elieved  that  the  source  of  all  the  sedunents  coni|)osing  the  Primor- 
dial I'ocks  in  the  West  could  })e  traced  to  underlj'ing  rocks  in  the 
immediati*  vicinity.  lli»  noted  the  gradual  thinning  out  of  this  Pri- 
mordial sandstone  toward  tin*  West,  and  (pioted  the  observations  of 
1).  D.  Owen  ill  Minnesota,  Whitn(»v  in  Iowa,  Safford  in  Tennesstv, 
jind  Sliuinard  in  Texas  as  conlirmatoi'v.  The  lower  secondarv  forma- 
tions,  on  the  other  hand,  as  he  pointed  out,  gradualh'  increased  in 
thickness. 

He  noted  no  unconformabilit  v  in  anv  of  the  fossiliferous  .sedinien- 
tarv  rocks  of  the  Northwest  froiu  the  Potsdam  sjindst(me  to  the  sum- 
mitsof  the  true  Lignite  rertiarv,  luit  found  proof  of  two gn*at  j)eri«i> 
of  disturbance,  the  one  prior  to  the  deposition  of  Potsdam  sandstone. 
wIkmi  the  A/oic  oi'  <5ranitic  rocks  wei'(»  (d(*vated  to  a  more  or  less 
incline(|  position,  and  the  other,  much  the  more  impoi*tant.  at  the 
clos(»  of  the  Lignite  TeitiarN.  when  thc"massiv<»  miclei  of  the  ranire** 
wci'e  raised  ai>o\  c  the  surroiindinLf  conntrv." 

In  the  American  dnnrnal  of  Science  for  l><&2  llayden  had  an  iiniH»r- 
tant   paper  in    legard   to  tlie  period  of  elevation  of  the   ran'ges  of  iIh' 
Kockv  Mountains  mar  t  he  Mnirce^  of  the  Missouri  Kiverand  itsirilm 
taries.      He  retfard^MJ  the  e\i(len<eas  clear  that  the  «rn»at  subti»rnniej»n 


AMERICAN    GKOLOGY DKCADK    OF    1870-1879.  591 

forces  which  eUnated  the  western  portion  of  the  continent  were  called 
into  operation  toward  the  <'lose  of  the  Cretaceous  epoch,  and  that  the 
«^ra(hial  rising  continued  without  a  ^<»neral  burstinj^  of  the  earth's 
surface  until  the  ac<*un)ulation  of  the  Tertiary  li^nit4'  de[X)sits,  or  at 
least  the  greater  part  of  them.  Also,  that  after  the  fracture  of  the 
surface  <Tmnicnced  and  the  ^reat  crusbil  niovemeHts  hej^aii  to  display 
themselves,  the  whole  countr\'  contimied  rising,  thouj^h  perhaps  with 
intervening  jxn'iods  of  subsidence,  up  to  and  even  including  the  present 
jXM'iod. 

During  the  years  of  the  civil  war  western  exploration  of  all  kinds 
wit*^  interrupted.  IIay<len  served  in  the  Fedenil  army  as  a  surg<»on 
fnjm  [S&2  until  ls»»r»,  resigning  to  a<-c<»pt  tlu»  position  of  professor  of 
ininemlogy  and  geology  in  the  TniviM'sity  of  I^ennsylvania,  a  iH)sition 
which  l\v  retained  until  ls72. 

In  the  summer  of  Is^JO  he  undertook  a  second  expedition  to  the  Bad 
I^inds,  this  time  und<»r  the  auspices  of  the  Academy  of  Natunil  Sci- 
tMices  of  Philadelphia.     In  comj^any  with  James  Stevenson  he  left  Fort 

liandall.  South  Dakota,  August  H.     The  trip  was  made 

Haydcn't  Second  ....  .  . 

Expeditton  to  the      with  a  sixiiiule  t4»am  and  occupied  tiftv-two  days,  dur- 

Bma  Lands.  1866.  •*      r     •      I         I       i  i    iit^  -i 

ing  which  a  circuit  of  six  hundred  and  nfty  miles  was 
accomplished.  The  large  and  valuable  collection  of  mammalian  fossils 
was  ilescribed  by  I^ddy  in  his  great  work  of  upward  of  450  large 
fK'tavo  |)ages  and  Ho  plates,  published  under  the  auspices  of  the  Acadeiin- 
of  Natunil  Si'ieiuH\s  of  Philadelphia.  The  work  l)egan  with  an  intro- 
duction of  12  |>ages  on  the  geology  of  the  Tertiary  formations  of  Dakota 
and  Nebraska,  accom|)anied  by  a  map.  In  this  work  Hayden  jKHnted 
out  the  possibility  of  bridging  over  the  chasm  heretofon*  existing 
lM»twe^»n  the  Cretaceous  and  Tertiary  |)eriod«  by  means  of  transition 
In^ds  Indonging  to  the  lignite  MM'ies.  He  reiterated  some  of  the  state- 
fiieiits  made  in  previous  writings,  to  the  effect  that,  at  the  close  of  the 
Cretaceous  jx'riotl,  the  Kocky  Mountain  area  was  occupied  by  the  wat*»rs 
of  an  (H'ean  with  jH^rhaps  a  few  pi^ks  projecting.  Near  the  close  of 
the  jH*ri<Kl  the  surface  ha<l  n»ached  an  elevation  so  great  as  to  form 
long  lines  of  M*|mnition  U'tween  the  waters  of  the  Atlantic  on  the 
Ea«*t  and  thosi*  of  the  Pacific  on  the  West,  ami  then  this  great  wat4»r- 
shed  lK»gan  to  ris4»  alM>ve  the  surrounding  c<mntry  and  the  |M'rio<l  of 
gn»at  fresh-water  lakes  was  inaugurated.  The  elevation  during  the 
( Vetac<»oiis  |)eri(Hl  he  regarded  as  slow  and  gnidual,  but  at  about  the  close 
of  the  |N'ri(Kl  or  in  tlu»  early  p:irt  of  the  Tertiary  the  limit  of  t4»nsion 
in  the  crust  was  reache<l  and  long  lines  of  fracture  commeiMvd  which 
form  the  nucleus  of  tht»  pres<»nt  mountain  ninges,  including  the  lofty 
continuous  ranges  with  a  granitoid  nucleus  along  the  east4'rii  |M>rtion 
of  the  KfM'ky  Mountains,  n^  the  Win<l  River,  Big  Horn,  liSinimie,  or 
Black  Mills.  He  showed  that  the  Tertiary  lM»ds  were  in  |Mirt  dc|K>sited 
lN»fore  the  upheaval,  as  in<licat4Hl  by  the  inclination  of  the  lignite  ImhIs. 
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The  lower  Tertiary  fossils  included  brackish-water  forms,  and  b#' 
thought  to  trace  the  ''history  of  the  growth  of  the  continent  step  hy 
step  from  the  purely  marine  waters  of  the  Cretaceous  ocean  to  the 
period  when  the  mountain  mnges  were  elevated,'"  the  ocean  waters 
excluded  and  inclosed  lakes  formed,  at  first  salt,  but  gradualh*  fre^sh- 
ened  by  influx  from  fresh-water  streams.  He  stated  further  that  the 
elevating  forces  lU'ted  throughout  the  Tertiary  and  post-Tertiary  pe- 
riods, and  probal)ly  continue  to  act  down  to  the  present  time.  Diirini;: 
the  Tertiary  period  (here  existed  at  leitst  four  and  possibly  tiv^e  of  thc*se 
fresh- water  lakes  in  the  West,  two  of  which  were  of  great  extent.  The 
deiK)sits  in  these  lakes  formed  the  ])ad  lands  of  the  Judith,  the  ^reat 
Lignite  basin,  the  Wind  River  basin,  and  the  White  Kiver  fj^roup.  A 
portion  of  this  last,  that  in  the  region  of  the  White  River,  he  regarded 
as  of  Miocene  age. 

THE  r.  S.  (IKOLOGU'AL  AND  GKCKJRAPIUCAL  SURVEYS  UNDER  F.  Y. 

HAYDEX. 

In  the  spring  of  1S()7  Hayden,  acting  under  the  direction  of  the 
(ieneral  Land  OtBce,  and  with  an  appropriation  from  Congress  amount- 
ing to  S5,(KM),  began  his  work  as  U.  S.  geoh>gist  in  Nebraska,  and  in 

so  doing  laid  the  foundation  for  the  l^.  S.  Geological 
Nib^JwiM"* 867!  *"  Surv<»y  as  it  exists  to-day.  Ilayden  was  a^wisted  dur- 
ing the  first  year  ])v  Dr.  C.  A.  White  and  F.  B.  Meek. 
His  first  annual  report  comprised  fU  ocbivo  pages,  and  dealt  largely 
with  the  possible  occurrence  of  workable  l)eds  of  coal  within  the  State 
((l(M-i(le(i  \u  the  negative);  th<'  lo(»ss,  which  he  regarded!  iis  silt  brought 
down  by  streams  and  ({(^posited  in  a  fresh-water  lake,  and  oorisidem- 
tions  relative  to  the  distribution  of  ilw  Cretaceous  and  Tertiary  depc»s- 

its.     In  isijs  the  ai)pn)priation  of  Jfr),0<M)  was  renewed 

Wyom?i""rM68.*"     5^"^'  t*»^'  ^^^'^^^  <>^*  ^""''^'^  extended  into  Wyoming.      In  his 

report  of  ln2  pages  he  called  attention  to  the  prol)able 
Tertiary  age  of  all  tin*  coal  of  both  Wyoming  and  Cblomdo.  In  18(V.» 
Slo,(MM)  was  appropriated  and  the  field  of  work  transferred  to  Colorado 
and  New  Mexico,  the  survey  l)eing  at  the  same  time  placed  under  the 

directioTi  of  the  Secretarv  of  the  Interior.     His  a.s.sist- 

Work  of  Hayden  in  ^     i-        ^i  •  *   i  .'*  11  it' 

Colorado  and  New      ants  tor  this  survev  wcic  James  Stevenson;  Henry  \\  . 

Mexico,  1869.  imi      „*  *•    4       i>    *    -i*  1^  •     •  •  '  1 

hlliott,  artist:  rersiior  r  nizer,  mining  engmeer  and 
mt^tallurgist;  (Vnis  Thomas,  entomologist  and  lM)tanist;  K.  C.  Car- 
rington,  zoologist,  and  H.  II.  Cheever.  jr. 

In  this  report  he  coiitirmed  the  statement  made  hy  him  in  the 
American  »Iournal  of  Science  for  March,  \>>{\S  - 

that  all  \\\v  litriiitr  Trrtiary  ImmIs  nf  tin'  \V<'st  are  Imt  fra;;riient*' of  one  >rn*at  haMii. 
inttTruphMl  hrn*  au'l  thtTt'  hy  tlir  upliraval  of  iiKniniain  cluiins  or  conceale<l  by  iIm' 
<U*|M>»'ili«>ri  nf  iirwvr  tnrmatioiiM. 
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He  pointed  out  that  the  main  range  of  the  Rock}-  Mountains  '^  is 
really  a  gigantic  anticlinal  and  all  the  lower  ranges  and  ridges 
*  *  *  onl}'  nionoclinals,  descending  steplike  to  the  plains  on  each 
side  of  the  central  axis/'  Also  that  there  were  two  kinds  of  ranges 
in  the  Rockv  Mountain  system — one  with  a  I'ranitoid  nucleus,  with 
long  lines  of  fracture,  and  in  the  aggregate  possessing  a  specific  trend; 
the  other  with  a  basaltic  nucleus,  composed  of  a  series  of  volcanic 
cones  or  outbursts  of  igneous  rocks,  in  many  cases  forming  saw-like 
ridges  like  those  of  the  Sierius. 

He  found  no  evidences  of  an}'  unconformity  betw  een  the  Cretaceous 
and  lower  Tertiarv  beds  and  no  such  chancres  in  the  sediments  as 
would  account  for  the  sudden  and  apparent!}'  complete  destruction  of 
organic  life  at  the  dose  of  the  Cretaceous  period. 

He  visited  the  Salt  Ljike  Valley  and  examined  the  terraces  and  old 
shore  lines  of  Great  Salt  I^ake,  describing  the  beds  as  of  post-Pliocene 
or  Quaternary  age  and  coirelating  them  with  the  terrai'es  noted  by 
him  al)ove  the  Wasatch  Canyon.  He  found  this  series  of  beds  so 
widely  extended  and  so  largely  developed  in  Weber  and  Salt  Lake 
valleys  that  he  regarded  it  as  worthy  of  a  distinct  name,  and  in  con- 
sequence called  it  the  Salt  Lake  group.  He  afterwards  (in  1S71) 
limited  the  name  to  the  older  beds,  which  he  considered  as  of  later 
Pliocene  age,  recognizing  the  more  modern  character  of  the  terraces 
in  which  he  found  a  great  abundance  of  fresh- water  shells. 

The  question  of  priority  in  this  region  having  arisen  between  the 
King  and  Hayden  surveys,  it  may  be  well  to  state  that,  according  to 
Dr.  A.  C.  Peale,  Hay  den's  first  work  in  the  Salt  Lake  Vallev  was 
done  in  the  years  1868,  1869,  and  1870,  and  the  results  published  in 
February,  1869,  during  the  latter  part  of  1869,  and  the  early  part  of 
1871.  The  report  of  the  field  work  of  1870  in  Wyoming  was  first 
printed  in  1871,  and  a  second  e<lition  issued  in  187t^. 

In  1870,  with  appropriations  increased  to  J?25,0OO,  Hayden's  field  of 
ojx^rations  was  transferred  to  Wyoming  and  portions  of  contiguous 
territories.     Stevenson,  Elliott,  and  Thomas  were  with  him  as  l)efore, 

while  W.  H.  Jackson,  photographer;  John  H.  Beaman, 
wyoarios.  1870.*"     mcteorologist;  A.  L.  Ford,  mineralogist;  C.  P.  Car- 

rington,  zoologist,  and  Henry  D.  Schmidt,  naturalist, 
were  added  to  the  scientific  corps. 

The  party  outfitted  at  Cheyenne,  in  Wyoming,  and  proceeded  north- 
ward along  the  ejistern  base  of  the  Laramie  i*ange,  exploring  the  Platte 
River  as  far  as  the  Red  Buttes,  and  thence  passing  across  the  divide  to 
the  Sweetwater;  thence  to  the  source  of  the  Wind  River  Mountains, 
pa.ssingdown  Big  and  Little  Sandy  creeks  to  Green  River,  and  explor- 
ing the  northern  slope  of  the  Uinta  Mountains.  From  Fort  Bridger 
the  route  lay  southward  to  Henrys  Fork,  which  was  explored  down  to 
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its  junction  witli  Green  River  proper.  From  (xreen  River  Station  the 
route  followed  the  old  stage  route  up  Bitter  Creek  by  way  of  Bridger 
Pass  and  the  Medicine  Bow  Mountains,  across  the  Laramie  Plains,  and 
through  the  Laramie  Range  by  way  of  Cheyenne  Pass,  back  to  the 
point  of  departure. 

Studies  were  made  also  along  the  line  of  the  Pacific  Railroad  betwe<»n 
Cheyenne  and  the  Salt  Lake  Valley.  No  topographer  accompanied 
the  part} ,.  and  the  maps  used  were  those  constructed  by  the  engineer- 
ing department  of  the  Army,  which  were,  however,  so  inaccurate  that 
to  delineate  the  geology  upon  them  in  any  but  the  most  general  way 
was  practically  impossible. 

During  this  season  Ha3^den  worked  out  the  sequence  of  the  Carbon- 
iferous and  Cretaceous  rocks,  and  made  the  subdivisions  of  the  latter 
into  Dakota,  Fort  Pierre,  and  Fox  Hill  groups,  which  are  still  rec*og- 
nizcd.  He  remarked  that  some  of  the  fossils  found  in  southern 
Nebraska  seemed  to  possess  Permian  affinities,  though  as  they  all 
extended  down  into  the  Coal  Measures  they  could  not  be  considered  as 
characteristic,  and  therefore  those  rocks  which  he  had  previously 
mapped  and  colored  as  Permian  should  be  relegated  to  the  Permo- 
Carboniferous. 

He  noted  the  occurrence  of  Potsilam  sandstone  with  Oholella  nana 
and  Limjula  at  South  Pass  on  the  south  side  of  the  Sweetwater.  The 
massive  granites  as  well  as  the  intercalated  stratified  gneisses  extend- 
ing from  South  Pass  City  innirly  to  Pacific  Springs  were  all  regarded 
as  of  sedimentary  origiTi.  He  showed  that,  near  the  dose  of  the  Cre- 
taceous period,  the  ocean  c^xtcMided  all  over  the  area  west  of  the  Mis- 
sissippi from  the  Arctic  ciicle  to  the  Isthnnis  of  Darien.  A  little  later 
the  great  wjiterslied  of  the  continent  was  marked  out  and  the  marine 
wat(M*s  werc^  separated  into  mon^  or  less  shallow  seas,  lak(\s,  and  niai*shes, 
within  which  t^rcw  the  abundaiit  forests  that  went  to  form  the  coal 
heds. 

From  a  study  of  the  cliaractei*  of  the  vegetable  impressions  foimd  in 
these*  heels,  he  aiyued  that  coal  strata  of  coTitcmporaneous  origin  may 
})e  purely  inaiine,  pur(»ly  fresh  water,  or  brackish,  dependent  upon 
local  conditions.  He  pointi'd  out  that  the  sea  had  not  had  access  to 
the  Salt  Lake  \'alle\  since  midclle  Tortiarv  times,  the  sediments  from 
800  to  1.200  feet  in  thickness,  called  Ijyhim  the  Salt  Lake  group,  l)eing 
regarded  as  of  Pliocene  age  and  coTitemporaneous  with  the  Niobrara, 
Arkansas,  and  Santa  F<'  ^rroups,  and  of  fresh  water  origin. 

This  I'cport  of  Ilayden  was  accompanied  by  special  reports  by  Meek 
on  the  in\ crtebiate  pah'ontologN .  by  Cope  and  Leidy  on  the  vertebrate 
pale()ntolo<iy.  by  LescpiiTeux  on  ])aleobotany,  and  by  Newberry  on  the 
ancient  lakes  of  wivstern  North  America.  The  volume  marks  the 
b(^irinnin<r  of  ('opr's  work  with  the  Ilavd<Mi  survev,  which  resulted 
latiM"  \\\  tin' production  of  the  two  monogra|)lison  the  vertebrataof  the 
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tjh'tifttijoii.*  Hhd  'ftrti&ry  forhiatioiw  of  the  West,  the  ktter,  jxipiihirlj' 

ktiitwil  as  "Cope's  Prinior."  a  JHnigy  volume  of  1.(M'5'  ''"."os  and  184 

fiilt-pa^  plates.     With  tlu->  year,  too,  began  Ja<...>o>is  Moi'k.  whiHi 

resulted  in  the  production  of  what  Were  at  the  time  the  tiiiest  Irtiia- 

wMjie  photOf^mphH  ever  tukl-ii,  and  Whicli  exvited  the  wonder  and  adhii- 

mtion  of  geologists  the  \FOrld  over-. 

In  1M71,  with  hn  apphipHation of  $4t)JHMi,  titldupenitlons  were  tiiiiis- 

ferred  to  MotitAna  and  portions  of  adjai'ont  tet-ritories,  ini-lnding  what 

in  now  the  Vpllo*Htotie  Park.     To  tlie  (tarty  of  the  year  previonw  wnn 

WM..fluvi«i  •»<!*''•  '^n 
Sttr**Tln  Moblatu  tmi  Mi>)iAii- 
■MtiwYMMwMUM     '""      ^""'" 

Kfc.  iMi.  horn,    to- 

|Kt(;)-a)>heri  (i,  N^  Allen,  liot- 
anisl.  and  Dr.  A.  i'.  I'eale, 
mini-rulofrJHt.  Tlie  route  lay 
fnmiO^h-n.  rtah.iihmgtlie 
shore  of  Salt  I^ke  to  Wil- 
lanl  City:  tliem-e  ihronfjli 
the  Wiiwateh  rangi'  to  Cju*h 
Valley,  and  up  the  valley 
ti.  the  divide  Ix'tween  Hie 
Salt  liake  and  .'^nuke  Itiver 
Imsin^.  From  this  [Hiiiitt  he  V 
descended  Marsh  (.'n-ek  t<i 
the  Snake  River  Iwsin  and 
Fort  Hall.  Followinjr  the 
stage  route  to  Virgi  nia.Innc- 
lion,  they  irosM-d  Illmk  Tail 
I>.-er  Cn-ek  near  its  source; 
llienif  <l(.wn  llie  Stinking 
Water  to  Virginia  City: 
then,  enewing  the  divide 
eastward  to  the  MadiMni 
River,  they  desi-endt-d  the 
valley  alK)ut   :tn  miles  and 

erossetl  over  the  other  divide  to  Fort  Kllis.  at  the  head  of  tlie  (iallalin 
River,  From  Fort  Ellis  they  ]>ass»Hl  again  eastwanl  over  the  divide 
lietween  the  Yellowstone  Kiid  the  Mis.touri  to  Ilotller's  ranch,  where 
was  estaltlished  a  [H>rmanent  <-ainp.  A  {xirtion  nf  the  |Ntrty  then  pro- 
ii-eded  up  the  Yellowstone  and  entered  llie  jnirk  area,  surveying  the 
mammoth  hot  springs  on  (lanlners  River,  the  (Jrand  Canymi  of  the 
Yellowstone,  the  iipjier  and  lower  gt>vs)>r  Inisins.  and  the  lake.  On 
returning  to  Itottler's  raiieh  in  Au|;ust,  they  [WLs-si'd  down  the  Yellow- 
stone U>  Shields  River  and  Fort  Kllis,  and  Iheiieedown  tlie  (ialkitin  to 
Three  Forkt,  up  the  Jefferson  to  the  ll*>aver  Mead   Braneh  and  to 


59f) 


HEi^)Bt   OF   NATIONAL   MUSEUM.   1904. 


Hoi'M!  Plaili  Cf'tek,aiid  at^russ  tlio  main  Kocky  Mountuin  divide  to  the 
headwaters  of  Medicine  Lodge  Ciefiki  into  the  Snake  Kiver  ba^in. 
to  Fort  Hall  oni-c  more,  and  thence  across  the  lUouht«ins  to  the  bead 
of  Bear  Kiver  and  up  the  river  to  Evanston,  oii  the  L'hloii  Fac'iiic 
Railroad,  where  the  party  disbanded. 

As  in  years  previous,  Messrs.  Cope,  Lesquei-eux,  Leidy,  Meek,  New- 
berry, and  others  served  as  rol lalxtrators  in  their  e^pci-ial  fields.  The 
hot  springs  and  geysei-s  were  described  in  considerable  detail,  and  the 
fact  that  they  wei-e  liut  the  feol)le  nmiiifestutions  of  dying  volcanic 
energy  rocogni/cd.  It  was  shown  tlmt  the  mountain  ranges  passed 
over  lie  along  the  boi-dcrs  of  synclinal  valleys,  which  were  originally 
the  ba.-iins  of  fresh  water  lakes,  and  that  all  the  ranges  bad  a  general 
north  and  south  or  northwest  and  southeast  trend,  and  were  here  and 
there  connected  by  cross  chains;  that  the  three  main  branches  of  the 
Missouri — the  Madison,  Jefferson,  and  Gallatin — flowed  through  val- 
leys now  extending  to  a  width  of  3  to  5  miles  and  now  contracting  to 
narrow  canyons,  the  expansions  of  which 

f^^  had  all  iK'en  lake  l>a.sins  within  late  Tertian' 

^H  and  perhaps  early  quaternary  times.     The 

^M  valleys  were  regarded  as  in   part  due  to 

^^  erosion,  but  for  the  most  part  oh  synrli- 

^H^  nal  folds,  the  intervening  mountain  ridges 

jB^  Ijeing  wedge-like  maMH?.^  of  Carboniferous 

"  T  limestones. 

yt  The  work  done  this  year  by  Haydon  and 

—  his  piirty  resiiltiHl  in  the  setting  aside  of 

the  Ycllowstoni'  region  «s  a  national  |>ark. 
In  IS72,  witlt  :iiipi(H)ri;itions  increased  to 
$T.5.0(Mi.  Iluyd.'n  divided  his  force  inlotwo 
parties.  The  tirst,  iiiiihr  his  itnnicdiatr 
rbiirfr-'.  curisisliug  .>f  Adolf  Bur<-k,  chief 
topogmphei';  Henry  (iimnett.  astrononiei-;  A.  K.  Ilritwn.  ii.ssistant 
toijogniphcr:  K,  \i.  Wakelield,  meteorologist;  A.  C  Peale,  uiineraio- 
gist:  W.ll.  I lohnes,  artist,  and  \\'.  B.  Flatt,  natunilist. 
Mo*™,"r??r '"  l'"'*  division  left  Fort  Ellis,  Montana,  and  explored 
the  headwaters  of  the  Yellowstone.  Gallatin,  and 
Madison  rivers  in  nnich  more  detail  than  had  been  done  during  the 
previous  year. 

The  second  or  Snake  Kiver  division,  under  the  directorship  of . I  anie> 
Stevenson,  included  Fiank  H,  Bradley,  chief  geoh)gist ;  \V.  K,  Taggerl, 
assistjint  ge(dogist:  Gustavus  H.  Becliler,  chief  topographer;  Adolpb 
Herring  and  'I'hou»H  W.  .)ay<-ox,  assistant  topogmphers;  William 
Nicholscjti.  uietenrologisl:  .John  il.  Coulter,  botanist:  Hi'.  Josiah 
Curtis,  surgeon  mid  n»tiinili>t,  and  William  H.  .lackson,  photographer. 
This  division  visited  the  Snake  River  or  Ivi'wis  Fork  of  the  C-oluui))iu 
in  Idaho  and  Wyoming  territories,  a  region  up  to  that  time  little 
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known.  The  Teton  Mountainiii — a  prominent  range — were  ascended 
l»y  Stevenson  on  this  trip,  this  l>einfj  the  first  time,  it  was  claimed, 
that  the  feat  had  been  accomplished  liy  a  white  man. 

Professors  Leidy  and  Cope  (4i>cnt  a  large  i>art  of  the  summer  in 
■studying  the  ancient  lake  Im^ins  in  the  interior,  and  obtained  the 
matei-ials  dest!i-ib«l  in  Vohnnes  1  and  2  of  the  ijiiarto  linai  reports. 
Lewtnereux  spent  several  months  in  exploring  the  coal  Iteds  to  ascer- 
tain their  geological  position,  and  F.  B.  Meek  and  H.  M.  Hannister 
studied  the  invertebrates." 

From  a  preliminary  study  Lesquereux  was  inclined  to  call  the  lignite 
beds  mostly  Eocene.  Meek  regarded  them  as  Upper  Cret«<'eous,  pass- 
ing through  transition  beds  to  the  Eocene,  and  Cope  regarded  them  as 
Cretaceous.  Hayden  in  this  report  gives,  himself,  a  brief  review  of 
the  opinions  held  and  the  evidence  on  which  same  is  based,  and  con- 
cluded that  the  deposition  of  the  lignite  strata  began  during  the  latter 
portion  of  the  Cretaceous  period  and  continued  on  into  Tertiary  time 
without  any  marked  physical  break,  so  that 
many  of  the  Cretaceous  types,  especially 
of  th(^  vertebrates,  may  have  lingered  on  , 
through  the  transition  period  even  into  the 
Tertiary  ep»x-h. 

In  this  report  Hayden  called  attention  to 
one  feature  in  the  geological  structure  of 
the  mountains  of  Montana  observed  bv  tbe 
survey  during  the  past  season  for  the  lirst 
time  and  not  noticed  in  such  a  marked  de- 
gree in  any  other  portion  of  the  West,  and 
that  is  the  inversion  of  the  sedimentary 
)>eds,  so  that  the  oldest  incline  at  a  greater 

or  less  angle  on  those  of  more  modern  ages.       p^  loo— Fr»nk^owcB™■llev 
As  illustrative  of  this,  he  gave  an  east  and 

west  section  across  the  Flathead  Pass  in  the  East  Gallatin  range,  the 
central  portion  of  this  range  being  composed  of  Carboniferous  lime- 
stone standing  nearly  vertically.  A  similar  illustration  of  inversion 
was  given  by  Peale  in  his  report  on  the  geology  of  Jackass  Creek  on 
the  upper  Missouri  River. 

Another  point  to  which  Hayden  called  attention  in  this  report  was 
the  fai't  that  the  streams  "seem  to  have  cut  their  way  directly  through 
the  mountain  ranges  instead  of  following  .synclinal  depressions."  indi- 
cating, to  his  mind,  that  they  Iwgan  the  process  of  erosion  at  the  time 
of  the  commencement  of  the  elevation  of  the  surface.  (See  also  Powell, 
p.  566.)  The  period  of  intense  volcanic  activity  manifested  in  the 
Yellowstone  region  he  thought  to  have  probably  commenced  some- 
where during  later  Miocene  or  early  Pliocene  epochs. 

"Bannister  sbo  reported  on  a  geolugiool  reconotusaance  along  the  Union  I'w-itir 
Railroad  this  Mme  year. 
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With  Cope,  Lt'idy.  »nd  Marsh  all  in  the  lield  of  vertebrate  paleon- 
tology at  uiio  time,  it  is  not  strange  that  a  ttpirit  of  rivalr}',  if  not  uf 
personal  jealousy,  should  have  arii^en.  This  found  expression  in 
numerous  instances  which  at  this  datp  are  only  amusing,  however 
serious  they  may  at  the  time  liave  seemed  to  those  most  inten'ste<L 
Tims,  ('■ope  in  IHCS  de.scribed  iind  tigured  remains  of  a  marine  suurian 
from  the  Cretaceous  of  Kansa.s,  to  which  he  gave  the  name  of  AV/w- 
tiiiiMiiinvi  jilit/i/uru".  Ivcidv,  ever  on  the  alert,  made  a  reexauiinalion 
of  the  materials,  and  at  the  meeting  of  the  Philadelphia  AcadtMiiy  on 
March  s,  1871),  announced  that  the  remains  were,  in  reality,  those  of 
an  Knaliosiiurian  and  closely  allied  to  Piesiosaurus,  and,  further,  that 
Cope's  error  in  identilication  lay  in  his  having  described  the  animal  — 
the  skeleton  of  which  was  without  a  skull  and  quite  incomplete — in  a 
reversed  position  from  the  true  one." 

In  IST.t,  with  appropriations  the  same  as 
for  the  previous  season,  the  field  of  opera- 
tions was  transferred  to  Colorado,  this  in 
part  owiiijj;  to  the  i-x)>ense  of  trans|>«irtation, 
siilisistcnee.  and  lalKir  in  regions  so  remote 
as  those  of  the  upper  Missouri,  and  in  part  lo 
the  hostility  of  the  Indians. 

Woiic  of  Hmydni  „,  •  , 

Sarvcy  In  coiondo,        1  he  party  rendezvoused  at 

1873-1876.  ri.  1       -J    J 

Iienver,  The  area  decided 
u|M>n  to  be  surveyed  comprised  the  ea««tern 
]>orli(in<>r  the  tuouutainous  part  of  Colt>rado. 
and  was  divided  into  three  districts  known 
ii>  the  Nortli.  Miildle.  and  Southern.  The 
personnel    iui<l    their   assignments    were    as 
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ion,  dirci-teil  h\  A.  K,  Marvine,  assist- 
iler,  tdiHigniplier,  and  S,  11.  l^^idd. 
'i)n(i  or  Siiiilh  Park  division,  with 
I  charge:   l>r.  A.  ('.  Peale.  geologist; 

—  in  llii>' i';iw- lliroiiKli  fejir  iif  antii-iiiatiun  l>v 
iili  111.-  lliiy.irn  ciirvcv  in  Wyoniitij:  in  thi- 
iirv  viTli'hrHli'  n-iiiaiii!'  wliicli  he  iH-lipvi"-!  t" 
\\w  follonint;  ti'L-vratii   t..  Il>e  Piiila.k-li>hiii 
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W.  K.  Ta^giTt,  nssiistant  geologist;  Henry  W.  Stiu-klc,  asnUtant 
tojwjTi-Hpher.  and  J,  H,  Batty,  naturalist.  Th«  third  or  San  Luis 
ilivision  was  in  rhargft  of  A,  I).  Wilson,  topograplicr,  with  (leorgp  M, 
Cliittendcn,  assistant  topojji-apher,  and  Dr.  F.  M.  Kndlich.  g(M>logist. 
The  work  of  this  yt'ar  extended  aw  fur  we-^twani  in  Colorado  as 
Middle  Park,  the   KIk  Mountains,  and  the  San  Luis  Park.     It  was 

iluring  this  season's  work  that  the  peculiar     

examples  of  suttaerial  erosion  of  Monument 
Park  in  Colorado  were  deserilicd  and  fig- 
ured, which  have  so  fretpiently  served  the 
puriK>.se  of  reproduction  in  the  text-Uioks. 
The  wonderful  instances  of  complete  over- 
turning of  iuimense  groups  of  beds,  as 
illiiNtrated  in  the  VAk  lianjre,  were  again 
referred  to.  atten- 
tion being  called  to 
the  fact  that  for 
■|  several  miles  there 
'i  a  double  series 
^.  fi-oin  the  Silurian 
up    to    the  Ci-eta- 

ceous,  inclusive,  which  had  1>een  thus  in- 
verted. In  this  re|»ort.  loo,  were  given  the 
examples  of  inversion  in  the  Snow  Mass 
Range  and  the  view  on  RtK-hes  Moutonnes 
Creek,  Iwlh  of  which  have  .served  their  pur 
pose  in  the  text-lK«>ks  of  Dana  and  Le  Conte. 
The  que.stion  of  the  age  of  the  lignite  l>eds 
51  occupied  the  attention  of  nearly  all  the  work- 
ers in  the  field  (sec  p.  tH").  Le.squereux,  in 
his  chapter  on  the  lignite  flora.  argue<l  in 
favor  of  the  Koeene  and  Mio<'ene  age  of  the 
Wds,  Though  not  denying  the  presence  of 
animal  Cretaceous  remains  in  the  lignite 
!<tmta,  he  regarded  the  "presence  of  some 
scattered  fragmeati^  of  Cretaceous  shells  as  of 
little  niumeiit  in  comparison  with  the  well- 
marked  characters  of  the  flora."  Meek's 
invertebrate  work,  moreover,  he  rejjai-ded  as 
rather  in  favor  of  the  Tertiary  hypothesis.  T<i  Cojie's  conclusions 
"that  a  Tertiary  flora  was  contemporaneous  with  »  Cretaceous  fauna, 
establishing  an  uninterrupted  succession  of  life  acnxss  what  is  gene- 
rally regarded  as  one  of  the  greatest  breaks  in  geological  time,"  he 
took  exception,  as  it  did  not  appear  to  exactly  lonfonu  to  facts. 
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Ouriiig  the  years  1S74  to  ISit!  work  under  essentially  the  same  con- 
tritions was  continued  Uy  tlic  Hayden  survey  throughout  C'-olorado,  tin- 
apiiropriations  lieinj;  ^TSjUX)  annuiilly.  with  the  exception  of  IHHi. 
when  they  dropped  to  SHo.^XI.  The  individual  work  of  Haydeii  him- 
self l)eeomes  gradually  less  eoilspicuous  in 
the  repoi'tj*  issued,  owing  to  the  increased 
amount  of  administrative  work. 

In    1S74  the  party   under  direction   of 

A.  II.  XIarvine  was  engaged  in  the  southern 

[Mjrtion  of   North   Park;   that   under   Dr. 

A.  (.'.  Pealc  in  the  region  hounded  on  the 

north  l)y  the  t^gle  and  (iraiid  rivers,  on 

the  east  by  the  one  hundred  and  seventh 

meridian,  on  the  west  by  the  State  line,  and 

on  tlie  south  by  latitude  38  '  ao'.     The  third 

division  under  A.   O.  Wilson,  with   F,  M. 

Endiich.  geologist,  was  assigned  to  what  is 

_  known  as  the  San  Juan  distrivt.  and  the 

fourth,  under  the  immediate  direction  of 

tKjftor  lluydpn.  with  W.   II.  Holmes  as  artist  and  geologist,  to  the 

Klk  .Monnlain  region. 

In  tlie  report  for  187+  llayden  devoted  coiisidenible  attention  to  the 
striiligrapbir  jiosilion  of  the  Lignite  group,  u  disi'Ussion  of  which  may 
lie  referred  to  later.  Perliaps  the  most  striking  f^-ature  brought  out 
in  the  work  of  tliis  year  was  tliat  relative  to  the  Elk  Mountains.  This 
range  was  regarded  liy  Hayden  as  a  grand 
iliiistnilioii  of  111!  eruptive  nirigi-.  "llie 
imjni'nse  faulls,  (-omplete  overlnrniiig  of 
Ihousiinds  of  feet  of  ,ii'ala.  and  the  great 


nption   IS 

tear  previou,-  n- 
■iitliii-  idea  aflerward- 
iiilKMt.  to  whi.-h  1  will 
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Kif.  1.  Sertiou  arrost  Northern  Group. 
7  niilet 
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In  desiTibin^  the  Sierra  La  Sal  south  of  the  Gunnison  in  the  report 
for  1875,  Peale  compared  them  in  structure  with  the  Elk  Mountains — 
that  is,  as  of  eruptive  origin.  "By  this/'  he  wrote,  *'I  mean  that 
the  sedimentiiry  strata  have  been  lifted  up  by  eruptive  rock  which  has 
broken  through  them  in  some  places,  and  in  others  is  seen  only  as  the 
result  of  subsequent  erosion."'  As  illustrative  of  this,  he  gave  the 
figure  repro<luced  here.     (Fig.  lOtJ.) 

The  idea  thus  advanced  seems  to  have  been  contagious,  for  in 
the  same  report  Holmes  described  the  Sierra  El  Late  as  formed 
of  a  lumiber  of  distinct 
bodies  of  trachvtic  rock 
that  had  reached  their 
present  horizon  through 
closely  associated  vents, 
fre(iuently  bending  up 
the  sedimentarv  rocks  at 
a  high  angle  around  the 
l>orders,  the  upturned 
strata  including  the 
lower  part  of  the  Middle 
Cretaceous  shales  and 
portions  of  the  Dakota  gJ 
sandstone.  His  obser- ' 
vations  tended  to  show, 
to  quote  his  own  words, 
'*  that  there  had  l)een  a 
sort  of  absorption,  so  to 
speak,  of  the  shales,  and 
that  at  least  half  of  the 
spat^e  through  which  the 
trachvte  is  distributed  is 
occupied  by  the  cnished 
and  m e t a  morphosed 
fragments  of  shale.  As  a  consequence  the  height  of  the  arch — such  as 
may  once  have  existed — would  not  equal  the  height  of  the  trachytic 
mass,  as  only  the  higher  layers  of  shale  extend  entirely  over  it.  His 
idea  regarding  the  formation  of  this  mountain  can  be  l)est  understood 
by  reference  to  tig.  107,  copied  from  Plate  4^)  in  the  report  for  1875." 
(See  further  on  p.  622.) 

«The  views  reganling  this  inetho(i  of  mountain  formation  were  Hul>8equently 
summed  up  by  Peale  in  an  article,  On  a  Peculiar  Tyi)e  of  Eruptive  Mountains  in 
Colorado,  which  was  published  in  No.  li  of  the  Bulletins  of  the  Geological  Survey, 
May  15,  1877. 


rilM  ^.Utr*  c 


Kig.  2.   Section  arrott  Middle  Oroap. 
7  milct 


Um  6,Hi>n  ft.  fig  2.   Section  acrott  Sootheru  Group. 
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Section!  acrou  the  SIERRA  LA  SAL. 
Cor  IIm«  m«  BMf  oa  Plat*  V. 

Fig.  106.— (After  A.  C.  Peale.) 
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In  the  season  of  187t)  C  A.  White  was  at  work  in  northwest  Colo- 
rado, including  the  area  lyinjr  between  the  Uinta  and  Park  ranges. 
F.  M.  Endlich  was  engaged  in  the  survey  of  the  White  River  district, 
A.  C.  Pe^le  of  the  Grand  River  district,  and  W.  H.  Hohnes  of  the 
Sierra  Abajo  and  West  Miguel  mountains. 

In  the  interval  between  the  issue  of  the  re{X)rts  for  1875  and  1876 
Hayden,  at  the  suggestion  of  King,  had  decided  to  call  the  transition 
group,  heretofore  referred  to  by  him  as  Lignitic  and  the  exact  geolog- 
ical position  of  which  was  still  in  dispute,  the  Laramie  group. 

The  report  of  this  3  ear  rontiiined  little  that  is  new  or  striking,  the 

work  resulting  mainlv  in 

— -^  ^        *^ 

an  extension  of  our  knowl- 
edge of  the  geographic 
range  of  various  geological 
formations.  White,  work- 
ing in  the  Uinta  region, 
aptly  compared  the  struc- 
ture of  Junction  Mountain 
to  a  displacement  which 
might  l>e  illustrated  bv  the 
action  of  a  large  punch 
worked  bv  machinerv,  the 
pe  rf  o  rate  d  h  ea  v  y  iron 
plates  being  somewhat 
torn  in  places  and  nowhere 
(levari V  cut  throuifh  in  the 
process <»f  punching.  The 
work  of  White  this  vear 
as  a  whole  contirmed  the 
view  held  bv  Ilavdcn  that 
thi'st*  lignitic  or  Laramie 
beds,  as  thcv  arc*  now 
called,  an*  of  a  transitional 
nature. 

The  field  work  for  Colo- 
rado was  conipleti'd  in  1S70.  The  following  year  (lS77)the  work  was 
(extended  northward  into  Idaho  and  Wyoming.  The  geological  work 
was,  as  befon\  assignee!   to   Drs.  F.  M.  Kndlieh  and  A.  C  Peale.  with 

the  addition  of  On^stes  St.  John.      Kndlich  worked  in 

Work  of  Hayden  in         ,         ,  n      1      •      ^1       /1  t**  i* 

Idaho  and  the  hweetwatei*  region,  leale  in  the  dreen  Kiver  dis- 

WyomiiiK,  1877.  1^*11  *i       'Pi.  V    *r    '    4r 

tnct,  and  St.  John  111  the  1  eton  district. 

S.  H.  Scudder  spent   two   months  of  the  vear  in  Colorado,  Wvom- 

I  .  » 

ing.  and  Ctah  in  collecting  fossil  insects,  which  were  subsequently 
described  in  the  thirt<'entli  monograph  of  this  survey.  Sir  tloseph 
lI(K)ker,  director  of  tin*  Kew  (lardeiis,  Kngland,  and  Prof.  Asii  (iniv. 


Tin:.  2. 
Arfhv*fft»trtrta  /trottur^  bjr  imtrusion  itf  »tng(jr  muta*  uniformly 

et*mtribul^. 


Kiif.  .1. 

l/ltfutinnt . 

Intrusion  o/'n/a.ssp.f  of  Trftchyte. 
Sierra  el  Late. 


•  ■•■e       •-»'»••       -».•«    k  '^^ik 


Fir,.  107. 


-S^(•ti(m^  »u'r<ts«<  tin*  Sirrru  el  Lute, 
H«»liiu'^. ) 


(After  W.  H. 
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party 


of  CambndK<J.   Mwssachu.setts,  accompanied   the 
riiakiii^r  valuabie  lx>tanical  eoliectioiw. 

St.  .lohii  noted  the  overturned  character  of  a  portion  of  the  Carihou 
Kun^ri-  and  mgide  nuiiici'on^  «ectionn  across  the  Teton  Kangp.  I'cale 
noted  tliat  in  tht-  rejjion  of  the  IMackfoot  Bitsin  the  MtrucMuv  wtis  tiiat 
of  n  series  of  anticlinal  and  synclinal  folds,  the  streams  sometimes 
(Hcnpying  the  synclines  and  sometimes  the  monoclines.  Also  that 
there  were  at  least  three  [mrallel  anticlinal  axes  having  the  general 
direction  northwest  and  southeast. 

Hayden's  twelfth  and  lust  annual  reiwrt.  hearing  datt'of  IST'.i  (INfiS), 

was  issued  in  the  form  of  two  volumes  of  upward  of  twelve  hundred 

imges.  and  included  the  work  of  the  corps  for  the  field  season  of  1878 

and  the  office  work  until  the  closing  up  of  the  survey, 

w^fo"'?^.'"     wl''^'''  ^>y  '»"'  f""*^  effect  June  3ii.  lH7:t. 

The  head(|uarters  of  the  survey  were  at  Cheyenne, 
Wyoming,  as  in  previous  years,  and  l»ut  four 
parties  <irgaiiized.  The  geological  work  wa;^ 
under  tiie  charge  of  W,  H.  Holmes.  A.  C. 
I'eale.  and  Orestes  St.  John,  and  the  pale- 
ontological  work  under  Or.  0.  A.  White. 
Mr.  Holmes  made  a  gcneml  survey  of  the 
fuirk.  while  Peale.  a,ssisted  l>y  J.  E.  Mush- 
Itack,  was  occupied  in  making  detjiil  studies 
of  the  geyser  and  hotspring  localities. 

The  party,  with  St.  .(ohn  as  geologist, 
.surveyed  the  Wind  River  Mountains  and  a 
portion  of  the  Wyoming  and  <iros  Ventre 
ranges.  The  work  of  the  topographic  |>arty 
in  the  Wind  River  and  Grand  Teton  re- 
gions wa.s  hampered  by  their  Iwing  robbed 

of  alt  their  animals  and  a  portion  of  their  outfit  by  hostile  l>ands  of 
Indians. 

During  the  summer  of  1877  Prof.  S.  H.  iScudder,  with  a  jwirty, 
visited  the  Tertiary  lake  l)asin  at  Florissant  and  made  an  e.\tensive 
collection  of  fos.sil  insects,  the  published  descriptions  of  which  have 
made  this  region  classic. 

The  two  volumes  mentioned  are  almost  monographic  as  far  as  the 
hot  springs  and  geysers  are  concerned,  and  are  rendered  unusually 
attractive  for  their  time  by  the  sketches  and  panoramas  of  Holmes. 
Peale  gave  a  detailed  description  of  all  the  springs  and  geysers  of  any 
importance  found  in  the  park,  describing  and  tabulating  over  2,(K»0  of 
the  former  and  71  of  the  geysers.  Holmes's  report  was  accompanied 
by  some  brief  petrographic  descriptions  by  Ciipt.  C.  E.  Dutton. 

Dr.  F.  V.  Haydcn  was  born  at  Westlield,  .Massachusetts,  September  7, 
1829.    His  father  dying  when  he  was  but  ten  years  of  age  and  hisniothei 
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marrying  a^in,  he  wi-nt  at  the  age  of  twelve  to  live  with  an  um-le  in 
Philadelphia,  whei'e  he  stayed  until  he  was  eighteen,  beginning  whi^n 
he  wart  sixteen  to  teach  during  the  winter  iiiontlis  in 
Sketch  of  iiBrden.  the  distriet  seliooU  of  the  neigh  I  K>r  hood.  Whoii  eight- 
een, ambitious  for  an  education  and  without  iitoney.  he 
walked  ti>  Oberlin  and  hiid  his  case  l>efore  Pn>aident  Finney,  of  <>l>er- 
lin  College,  who  gjivc  liiin  such  cucouragenipnt  and  sympathy-  that  he 
set  atjout  preparing 
himself  for  college, 
working  meanwhile  at 
whatever  he  found  ti> 
do  to  pay  for  his  sup- 
port and  tuition. 

He  entered  college 
and  graduated  in  lS,^i. 
paying  all  his  own  ex- 
penses from  the  time 
he  euten'd  until  gradu- 
ation. The.-*e  fiu-ts  art- 
men  tioned.  since  they 
show  the  character  of 
the  man  and  enable  one 
to  understand  better 
the  causes  of  his  suc- 
cess in  after  life.  It  'i> 
important  to  note, 
however,  that,  owing 
to  his  shyness  and  diffi- 
dence, his  fellow  stu- 
.\  dents  did  not  predict 
■^  for  him  a  prominent 
career,  not  withstand- 
ing his  acknowli^Klged 
scholarly  habits. 

After  graduating  he 
studied  medicine  and 
n'ceived  the  degree  of 
M.  D.  in  1H5S  at  Al- 
bany. New  York.  While  here  he  beciinie  tic(|uainted  with  Prof.  .lanie- 
llall.  and  iii  the  spring  of  ls.^;^,  together  with  F.  B.  Meek,  went  to  the 
Had  Lands  of  the  upper  .Missiinri  to  make  collections,  us  alreudy 
noted.  This  trip  marked  the  beginning  not  only  of  his  scientitic 
career  l»ut  also  that  of  lijs  associiitiori  with  Meek,  which  lasted  until 
the  Iatter"s  dcalli  in  IsTO,  and,  iiicidcnttilly,  furnished  iin  example  of 
uniutcrruptc<l  collaboration  without  a  counterpart  in  the  histoi-y  c.f 
American  geology. 
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Hrtyden'rt  sci<>ntifu'  career,  so  promisingly  heji^un,  was,  however,  inter- 
rupted by  the  outbnnik  of  the  civil  war,  when  he  promptly  volunteered,. 
enterinj(  the  Union  army  na  an  assistant  surgeon  and  gradually  ri#ing. 
to  b(»come  |K)st-surgeon  and  surgc»on  in  chief  to  the  Twenty  secofidi 
Division  of  Cavalry.  In  .Fune,  iStJo,  he  resigned  from  the  army,  hut 
was  subs(»(|uently  breveted  lieutenant-colonel  for  meritorious  conduct. 
In  the  same  year  he  was  elected  professor  of  geology  and  mineralogy 
in  the  University  of  Pennsylvania,  holding  this  chair  until  1872?^  wheu 
he  was  forced  to  resign,  owing  to  his  rapidly  increasing  duties  in  cou- 
iiection  with  the  Geological  Survey. 

In  ls7J^  after  the  consolidation  of  the  various  sur\'evs.  Doctor  Ilav- 

'  »  ft 

den  was  appointed  one  of  the  geologistjs  on  th(»  new  organization.  Dur- 
ing the  next  four  years  his  time  was  devoted  mainly  to  the  completion 
of  the  business  and  tinal  publication  of  the  reports  of  the  Geological 
and  Geogmphical  Survey  of  the  Territories.  His  health  In^gan  failing 
soon  after  his  acceptance  of  this  i>ositi(m,  and  in  Jiuie,  lsS2,  at  his  own 
re4|U(»st,  he  was  reli(»ved  from  the  work  of  supervision  of  printing  t he- 
reports  and  assigned  to  duty  in  the  field,  H|H»nding  the  sununers  of 
1SS.V1SS(>  in  Montana.  His  disease  {htmnintor  afa-ria),  however,  grew 
fijtcmdily  u{K)n  him,  and  in  lssr»  ho  n^signed  on  account  of  complete 
incapacity  for  duty,  thus  closing  a  career  of  nearly  thirty  years  of 
actual  sc»rvice  as  natunilist,  surgeon,  and  geologist  in  <*onnection  with 
the  Government. 

The  apimrent  diffidence  which  impressed  Doctor  Hayden"s  fellow- 
student.sHt  OU^rlin,  and  led  them  to  be  doubtful  as  to  his  future  course 
in  life,  chanicterized  his  maturer  years,  and  to  thost>  not  well  acquainted 
with  him  made  itdiffi<*ult  to  account  for  hissiu'cess.  How<»ver,  enthu- 
siasm, iM»rsi»vemnce,  and  cMiergy  wen*  <|ualities  ecjually  chanu'teristic 
of  him  all  his  lif<»,  and  what  se<»nH»d  t4)  Im»  diffidenc«»  was  largely  the 
result  of  his  n«TV4)us  tem{><*nuuent.  The  secret  of  his  success  is  to  1)0 
found  in  his  <'nthu.siastic  fnuikness  and  his  eiM^rgetic  determination  to 
4*airrv  thr4>ugh  whatevi»r  hv  undert4M)k.  He  was  alisorlN^l  in  the  W4>rk 
of  th*'  (f4M)logii*al  Survey  and  lM»nt  all  his  energies  t4>  its  success. 
Kxcitable  in  t4*m]N»niment  and  fre<|uently  impulsive  in  a4*tion,  he  was 
genen>ust4>a  fault,  and,  althcmgh  ev4»r  ready  t4)  defend  what  he  In^lieved 
to  Im»  right,  he  was  willing  upon  the  pres4»ntation  4)f  evidcMice  t4)  nunlify 
his  views. 

He  wa.s  always  4'areful  to  give  due  cnulit  t4>  all  who  had  worked  in 
the  fields  \\r  afterwards  <»xplored.  In  cme  of  his  reports,  s)X'aking  of 
thosi>  who  had  pn»ce4led  him,  he  says: 

.\ny  iiiari  who  nyanlH  tlu*  |N*riimn<Miry  or  (*n<lnraiKv  of  hJHown  reputation  will  not 
i^rnon*  an y  of  tli<»*<4*  fn>nti(*n<tnt*n  who  mad**  tti(*ir  <*arly  explorations  under  rinnmi- 
««tarii*t^  of  ifnmt  ilatiir«*r  ami  hanlnhip. 

The  sani4*  >pirit  a4-tuat4*4|  him  in  his  tr<*atnient  of  his  sulM)rdinates 
and  n^workers.  His  honesty  and  integrity  were  undoubti^d  and  his 
work  for  the  (iovemment  and  for  science  was  a  labor  of  love. 
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The  jfollowing  extract  is  from  an  article  })y  Dr.  Archiimld  (ioikio, 
then  director  of  the  Geological  Survey  of  Great  Britain: 

There  can  l>e  no  doubt  that  among  the  names  of  those  who  have  ploUe^'MHl  in  the 
marvelous  geology  oC  western  North  America  that  of  F.  V.  Hayilen  will  al\^a\i» 
hold  a  high  and  honored  place.  This  place  will  l)e  his  duo  not  only  iK^-auFe  of  his 
own  per.-onal  achievements  in  original  exploration.  His  earlier  work  exliihits  nnich 
K>i  that  instinctive  caj)acity  for  gra^iping  geological  structure  which  is  the  main 
reqwiftite  for  a  field  geologist.  He  had  a  keen  ** eye  for  country."  But  he  likcwi^t* 
|)0s8essed  the  art  of  choosing  the  best  men  for  his  assistants  and  the  tatt  of  attracting 
them  to  himself  and  his  (rorps.  In  this  way  he  ac<'omplishe<l  nuich  excellent  work, 
keeping  himself  latterly  in  the  background  so  far  as  actual  j)er8onal  geologi<*al  invei»- 
tigations  were  concerned,  and  contenting  himself  with  the  lalK)rious  ta.«k  of  organi- 
zation and  supervision  while  he  encouraged  and  pushe<l  forward  his  coadjutors.'* 

In  an  obituarv  notice  of  Doctor  Havden,  read  before  the  Anieritnm 
Philo.sophical  Society,  Prof.  J.  P.  Lesley,  who  had  known  him  for 
many  years,  pays  him  the  foilowinj^  tribute: 

He  represent*?<l  in  scienct^  the  curiosity,  the  inU»lligenc.e,  the  energy,  the  prai*tical 
business  talent  of  the  we^stern  p€H>ple.  In  a  few  years  they  came  to  adopt  him  as 
their  favorite  son  of  science.  He  exactly  met  the  wants  of  the  (Ireat  Wi^t.  There 
wafl  a  vehemence  and  a  sort  of  wildness  in  his  nature  as  a  man  which  won  him  suc- 
cess, <*ooperation,  and  enthusiastic  reputation  among  all  cla>«.«*t^,  high  and  low, 
wherever  he  went.  In  the  wigwam,  in  the  C4ibin,  and  in  the  court-hous^^  he  was 
equally  at  home,  and  entirely  one  with  the  i)eoi)le.  He  popularize*!  geology  on  the 
grandest  scale  in  the  new  States  an<l  Territories.  He  easily  and  natunilly  afiiliate<l 
with  every  kind  of  explon^r,  acting  with  such  friendliness  and  manly  justice  towani 
those  whom  he  empIoyc<l  as  his  cow(»rkers  that  they  pursued  with  hearty  zeal  the 
developnjent  of  his  plans. 

In  dealing  with  the  jmblic  men  of  the  country  he  was  so  frank,  forcible,  aiwl  din-tt 
that  it  was  impossible  to  suppress  or  resist  him.  lie  had  the  western  |K'ople  at  bi> 
Ixack  so  beartilv  and  unaninjoiislv  that  he  was  for  a  long  time  master  of  the  s<-ientiti<* 
J*ituatioM  at  Washington.  He  was  a  warm  personal  frien<l  of  some  nf  the  higlu'st 
otti<"ials  i)f  the  ( iuvernmeFit,  who  never  failed  to  sup]M)rt  ^tremiously  and  sneress- 
fully  bis  surveys. 

1  think  that  lut  one  who  knous  the  history  r>f  geology  in  the  l'nit<'<l  States  <'an  fail 
to  recognize  the  fact  that  the  present  magnificent  rnite<l  Stat<»s  (ieological  Survey, 
now  nn<ler  the  «lirection  of  Major  Powell,  is  the  legitimate  cbild  of  Doctor  Hay«lenV 
Territorial  surveys. 

According  to  (\)pe,''  the  Sioux  Indians  gave  U)  liaydcii  tiie  name 
'"The-nian-wlio-picks-up-rocks-niiinini^,"  a  name  which  was  cerUiinly 
descriptive  of  the  manner  in  which  much  of  his  work  was  necessarily 
done*.  Tiie  same  writer  states  that  at  one  time,  when  enguged  in  the 
exph)ration  of  the  Laramie  beds  of  the  upper  Missouri,  he  was  piir- 
sueil  and  finally  ov<'rtaken  1)V  a  band  of  hostile  Indians.  Findiner  him 
armed  oidy  with  a  hamuHM-  and  carrying  a  bag  of  rocks  and  fossils, 
which  they  emptitHJ  out  and  examined  with  nmch  surprise  and  i*uri- 
ositv,  they  concluded  he  was  in>ane  and  let  him  alone. 

"Nature.  XXX  VII,  Fel>rnary.  IKSS.  pp.  :V2(>-:V27. 
'' Ameriean  (JeobMjiv^t,  1,  lS8s,  p.  111). 
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traversed  by  the  Pacific  Railroad.  The  region  explored,  however, 
was  a  very  extended  one,  reaching  from  the  eastern  Colorado  range  to 
the  Sierra  Nevadas,  with  an  average  width  of  about  100  miles  alon^^ 
the  fortieth  pai-allel. 

The  plan  of  the  work,  as  outlined  by  Emmons,"  contemplated  making 
a  topographical  map  of  the  region  on  the  general  plan  of  those  made 
at  the  present  time,  i.  e.,  one  on  which  the  topography  was  indicated 
by  contour  lines  rather  than  hachures  on  the  hillsides,  the  then  pre- 
vailing custom.  The  scale  adopted  was  4  miles  to  the  inch,  and  the 
original  area  divided  into  three  rectangular  blocks  or  atlas  sheets,  each 
about  1()5  miles  in  length  l)y  100  miles  in  width.  Subsequently  two 
more  bloc^ks  were  surveyed,  making,  the  total  area  surveyed  and 
mapped  some  82,500  square  miles. 

The  party,  according  to  the  author  above  quoted,  rendezvoused  in 
California  in  the  early  part  of  the  summer  of  1867,  and  began  their 
work  at  the  east  base  of  the  Sierras  in  August,  with  J.  D.  Hague, 
Arnold  Hague,  and  S.  F.  Emmons  as  geological  assistants.  Though 
few  in  number,  the  force  was  beyond  (juestion  the  l)cst  equipped  of 
any  that  had  thus  far  entered  the  field  of  American  geology. 

The  winter  of  1867-68  was  spent  at  Virginia  City,  Nevada,  in  the 
studj^  of  the  Comstock  I^de,  the  mines  of  which,  then  but  1,000  feH 
in  depth,  had  already  produced  some  one  hundred  millions  of  dollars. 
The  results  of  this  work  appeared  in  J.  D.  Hague's  monograph.  The 
Mining  Industry,  published  in  1870. 

During  the  season  of  18()8  the  work  of  the  survey  was  pushed  east- 
ward entirelv  across  the  Great  Basin  to  the  western  shore  of  (rreat 
Salt  liake.  In  that  of  18<»0  the  desert  ranges  of  Utah,  the  Wjusatch, 
and  the  western  end  of  the  I'inta  ranges  were  surveyed.  This  com- 
pleted th(»  work  as  originally  planned,  and  with  headiiuarters  at  New 
Haven,  the  task  of  working  up  the  collections  and  platting  the  tojK)- 
graphic  and  geoVogic  notes  was  undertaken. 

This  work  was,  however,  abruptly  interrupted  in  the  summer  of 
1S70  l)y  telegraphic  orders  from  (reneral  Humphrey,  directing  the 
party  to  once  more  take  the  field.  Congress,  without  solicitation,  hav- 
ing appropriated  money  for  the  continuation  of  the  survey.  It  being 
then  too  late  in  the  season  ti>  prepare  the  necessary  outfit  for  work  in 
the  high  mountain  regions  east  of  the  Wasatcli,  the  season  was  devoted 
to  a  study  of  the  extinct  volcanoes.  Mount  Sliasta,  Mount  Rainier, 
and  Mount  Hood.  Amonjr  the  results  of  this  studv  was  the  discoverv 
of  the  first-known  active  glaciers  within  the  limits  of  the  United 
States. 

During  the  summers  of  I87l-7t^  the  survey  was  carried  eastward  to 
the  (Ireat  Plains  and  includ(»d  an  examination  of  the  Eocene  Ix^ds  of 

«Presi<l(*ntial  Address,  ( ieologioal  Society  of  Washin^ou,  1896. 
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with  tlifi  ffreatei"  part  of  the  Cordilleras." 
formed  a  land  arcu  and  to  the  eastward  a  sea 


This,  west  of  117  •*^>\ 
hottoQi,  upon  which  la-it, 
throughout  th(^  entire 
Paleozoic  rxriod.  were 
conformabl.v  deposited 
the  gradually  accumri- 
lating  dotritiw  from  the 
land,  brought  down  liv 
eastward-flowing  rivers. 
These  Palec)zoic  sedi- 
ments he  found  in  the 
i-egion  of  the  Waaatoh 
to  be  3'2,0<X)  feet  in 
thickness,  and  in  the 
extreme  western  limit, 
upward  of  40,000  feet. 

He  divided  the  »erieti 
into  four  great  groups: 
The  first,  which  is  pure- 
ly detrital,  being  wholly 
of  Cambrian  age;  the 
second,  a  limestone 
!*eries  of  11,000  feet  in 
thickness,  extending 
from  the  CamlirtHii  to 
the  topof  the  lowerCoal 
Measurt-s.  and  imlical- 
ing  a  deep-sea  depiwit. 
Succeeding  this  tninir 
the  \Vel>pr  qiiart/ite  a 
purely  siliceous  depi>sit 
of  from  six  to  ten  thou- 
sand feet  in  thickne.'is- 
followed  by  the  fourtli 
group  of  upper  Cual 
Measure  1  i  mestonr. 
iiliout  two  thousand  feet 
in  thickness.  The  en- 
tire Paleozoic  .series  he 
summed  up  as  composed 
of  materials  of  two 
l>eriods  of  mechanically 


the  oaiittTn  front  only. 


II  Rocky  Mount' 
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arc u in u lilted  detritus,  interrupted  by  one  and  followed  by  another 
|M»ri(Kl  of  deep-sea  limestone  formation. 

At  the  dose  of  this  j^reat  conformable  period  of  Paleozoic  deposi- 
tion there  were  widespread  mechanical  disturbances.  All  the  thickest 
part  of  the  sediment^;,  from  the  W(»st^rn  shore  line  eastward  to  and 
including  what  is  now  the  Wasatch,  were  raised  above  the  ocean  level 
to  become  a  land  an»a.  VAist  of  the  Wasatch  the  ocean  bottom,  with 
its  Uppi»r  CarlK)niferous  sediments,  remained  practically  undisturl)ed. 

Contemporaneous  with  or  immediately  succeeding  this  uplift,  the 
old  land  nmss  to  the  westward  went  down.  What  was  sea  l)ottom  had 
l)ecome  land,  and  what  was  land  beaune  sea  bottom.  Hut  the  new 
hind  area  extending  from  the  Wasatch  westward  to  the  Havallah 
ninjife  (l4)n«r.  117  31^),  under  the  combined  action  of  heat,  cold,  and 
mechanical  action  of  the  atmosphere,  began  at  once  to  yield  the 
materials  which,  in  the  form  of  sand  and  silt,  were  carried  west  and 
east  to  be  laid  down,  in  the  lirst-nanu»d  instance  on  a  gradually  sink- 
ing Archean  l>ottom,  until  a  thickness  of  20,0(M)  feet  wits  reached,  and 
in  the  last  named,  conformably  ui^>n  a  l)ottom  of  Upper  Car})oniferous 
ro<*ks,  until  some  S.stM)  feet  had  a<*cunuilated. 

At  the  4lose  of  this  period  of  sedimentation,  which  includes  the 
Triassic  and  Junissic.  the  Western  oc(Min  with  its  twentv-odd  thousand 
feet  of  sediments  luulerwent  a  sharp  folding  and  uplifting,  whereby 
the  shore  line  was  pushed  outward  as  far  as  the  west(»rn  base  of  the 
present  Sierra  N(»vadas.  The  force*  causing  this  uplifting  acted  tan- 
gentially  and  was  most  severe  in  the  extreme  western  portion,  i.  e., 
the  Sierras,  where,  in  a  b(»lt  of  alK)ut  50  miles  width,  the  Tria.ssic  and 
Jurassic  siHliments  were  crumpled  and  crowded  together  and  crushed 
into  a  mass  of  almost  undistinguishable  folds.  During  all  this  power- 
ful disturbance  in  the  W(»>tern  sea,  the  region  east  of  th<»  Wasatch 
n'niaine<l  pra<*ticully  undisturbed,  as  lM»fore. 

King's  views  regjirding  the  geogniphic  distribution  of  land  and 
water  during  the  subse<|uent  p<*ri(Kl  of  geological  history  were  largely 
in  harmony  with  those  of  llayden.  During  the  Cretaceous  times  he 
Indieved  a  Mediterranean  ocean  to  have  stretched  from  the  east<*rn 
Iwse  of  the  Wasjitrh  into  Kans^is.  Over  the  )K>ttoin  of  that  bodv  of 
water  an  almost  4*ontimious  conformable  sheet  of  Cretaceous  sedi- 
ments was  laid  d4)wn,  the  greatest  thickness  of  which  was  agiiinst  the 
western  shore  of  the  ocean-  that  is,  along  the  base  of  the  Wa.satch, 
where  were  foimd,  conformablv  over  thetFurassic  shales,  about  12,<MH) 
fe<»t  of  Cretaceous  lM»ds. 

With  the  close  of  the  Cretaceous  i)eriod  of  sedimentation  the  entii*e 
»n»a  from  and  including  the  Wasatch,  eastward  as  far  as  th(»  Missis- 
>ippi  \  alley  was  uplifted,  ami  in  its  wf*Ht4>rn  jM>rtion  faulted  or  thrown 
into  sharp  or  gently  undulating  folds.  The  inunediate  ctle<t  of  this 
uplifting  wa«,  firnt,  the  development  of  the  broad  level  region  now 
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owiipietl  bj'  the  Gieat  Plains;  secondly,  the  outlininfr  of  the  basin  of 
th«  Vennilion  Creek  (Wasatoh)  Eocene  lake;  thirdly,  the  formation 
of  the  distinct  folds  of  which  the  Wasatch  and  Uintaa  are  the  inos^t 
prominent  examples;  and  fourthly,  the  relative  upheaval  of  the  old 
Archean  ranges,  with  all  their  superincumbent  load.  The  folds  of 
the  Wasatch  involved  a  confonnable  series  of  strata  extcndiag  from 
the  iMse  of  the  Cambrian  to  the  top  of  the  Cretaoeoua — in  all,  44,0"" 
feet  in  thickness.  The 
astonishing-  and  almost 
incredible  featureof  the 
case  lies  in  the  fact  that. 
if  King's  ideas  are  to  ix 
accepted,  this  stupen- 
dous fold,  together  with 
the  one  of  30.000  fwt 
forming  the  Uintas.  was 
not  a  gradual  uplift,  bat 
of  sudden  and  nec«ssii- 
rily  catast  rophic  oi'i^n. 
and  that,  Iwfore  the 
forces  of  erosion  had  at- 
complislied  their  work, 
there  actually  hen-  ex- 
isted inountain  |-an_i.'<'> 
fro[u  n  to  fS  Uiih--  in 
licight."  Froint!i.'d;H.' 
of  this  elevation  no  niu 
rim-  waters  have  .v.t 
invaded  the  iiiid(il,-('.ir 
dillci-.is.  the  sul)sei|Ui'ut 
stnitiibeing.as  in.t«-d)iv 
luyd.'ii.  of  lacustriii.' 
(iHtrin. 

Studying  in  detail  tlio 

uruhTlying  geolojry.  in 

connection    with     the-' 

foMs,   King  annoiinceil 

thi-     principle     "thai 

riui're  uiidi'Hay  the  suliseijuent  sliecl- 

Ii:i.-   taken    pliice;"  and    furtlier,   ihitl 

ity  of  th<'  strata  acro.-is  such  a  valley 

ill.-,'  111.-  ...■isiii   li-Vfl  wiw.  laiiiMlicl  1..  «iiii.- 


wherever  iui  Arcliean  nmii 
of  scdinient.  tlieiv  n  line 
when  one  ol>serves  •'  the  vt 

"KinijV  cxai'l-wiinlM  iire:  Si 
wlien-n.'i.ritHi.rea-nt  ]".Mli..ii, 
J4,0<X)  fii-1  in  jillilii.l,..  The  r 
iK'Jcire  i-riB-i'iii  iM-^aii,  uhh  certii 
Ge.)li^v,  ]..  748.) 
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a.s  that  of  the  Laramie  Plains,  and  then  sees  them  sharph^  and  sud- 
denly rise  against  the  foothills  of  the  Archean,  it  becomes  evident  that 
the  entire  area  of  the  Rockv  Mountains  has  suffered  actual  lateral 
compression,  and  that  the  diminution  of  surface  amounts  to  from  6  to 
10  iKM*  cent."  When  he  further  considered  that  the  post-Archean 
sedimentaries  were  to  he  regarded  as  a  mere  thin  covering"  over  the 
subjacent  crust,  he  added  that  'Hhis  diminution  of  area  of  actual 
surface  means  an  actual  compression  of  the  solid  Archean  shell  of 
the  earth."' 

Pursuing  the  same  line  of  thought,  King  noted  that  the  configuration 
of  America  to-day  is  due  to  the  configuration  or  topograph}'  of  the 
pre-Caml)rir4n  continent.  Where  Archean  faults  or  mountain  chains 
existed,  there  were  the  lines  of  weakness  along  which  later  orographic 
movements  made  themselves  manifest.  A  compai*atively  thin  coating 
of  sedimentary  beds,  for  illustration,  overlies  the  generally  smooth 
Archean  rocks  of  the  Mississippi  Valley,  and  here  no  subsequent  dis- 
turlmnces  have  Uiken  ])lace.  On  the  other  hand,  the  high  Archean 
Wasatch  ridges,  which  were  covered  by  10,000  feet  of  sediment  in 
post-Archean  times,  were  again  and  again  uplifted  during  the  subse- 
quent periods  of  disturbance. 

It  was  noted  al)ove  that,  at  the  close  of  the  Jjost-Cretaceous  uplifting, 
the  Wasatch  highland  stood  at  an  elevation  of  upwards  of  40,000  feet. 
I'nder  such  extraordinary  conditions  rapid  and  intense  erosion  was 
inevitable,  and  in  a  comparatively  brief  period,  geologically,  the  Ver- 
milion Creek  Eocene  lake  was  filled  with  sediments  derived  therefrom 
to  a  depth  of  5,<X)0  feet. 

Then  ensued  another  period  of  disturl)ance,  b}^  which  the  western 
I>ortion  of  these  Vermilion  Creek  l)eds  was  upturned,  while  the 
region  to  the  inmiediate  west,  from  which  their  sediments  had  been 
derived,  was  as  suddenly  depressed,  allowing  the  waters  of  the  lake  to 
extend  themselves  200  miles  westward  into  Nevada. 

Another  series  of  crustiil  movements  was  now  inaugurated  in  the 
east,  whereby  the  Great  Plains  land  area  also  underwent  a  subsidence, 
which  was  most  pronounced  along  the  foothills  of  the  Rocky  Moun- 
tains and  gradually  died  out  to  the  eastward.  This  movement  marks 
the  dividing  line  between  the  Eocene  and  the  Miocene  periods.  Con- 
tem{X)raneously  with  this  the  entire  Great  Basin  area,  including  ix)r- 
tions  of  Washington,  Oregon,  Nevada,  and  California,  lying  to  the 
ejist  of  the  Sierras  and  the  present  Cascade  Range,  became  depressed, 
and,  receiving  the  drainage  of  the  surrounding  hills  and  mountains, 
was  converted  into  two  large  lakes  which,  throughout  tlie  Miocene 
period,  were  depositories  of  sediment  from  the  adjacent  land.  Power- 
ful and  profound  crustal  movements  at  the  close  of  the  Miocene  threw 
the  beds  into  folds,  but  did  not  apparently  raise  them  above  the  sur- 
face level  of  the  lake.     Contemix)raneously  with  this  movement  the 
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Miocene  lake  of  the  east,  through  the  sul)sidencc  of  the  surrounding 
country,  was  so  increased  as  to  cover  ahnost  the  entire  province  of  the 
Great  Plains. 

The  beginning  of  the  Pliocene  period  found,  then,  two  enormous 
fresh-water  lakes,  the  one  covering  the  ba«in  country  of  Utah,  Nevada. 
Idaho,  and  eastern  Oregon,  the  other  occupying  the  Plains  province. 
The  period  was  brought  to  an  end  by  crustal  movement  which,  how- 
ever, affected  the  two  areas  <|uite  ditl'erently,  the  sediments  of  the 
(Jreat  Basin  area  being  broken  through  the  middle  and  the  halves 
depressed  from  1,000  to  2,000  feet,  while  those  of  the  Plaias  wen^ 
bodily  tilted  toward  the  south  and  east. 

The  result  of  the  post-Pliocene  movement  in  the  department  of  the 
Plains  was  to  give  thereafter  a  free  drainage  to  the  sea.  The  result 
in  the  area  of  the  (xreat  Basin,  on  the  other  hand,  was  to  leave  two 
deep  depressions,  one  at  the  western  bixse  of  the  Wasatch  and  one  at 
the  base  of  the  Sierni  Nevada,  which  in  Quaternary'  times  received  the 
abundant  waters  of  the  (ilacial  |wriod  and  formed  the  two  now  nearly 
extinct  lakes  known  as  Lake  Lahontan  and  I^ake  Bonneville,  noted 
elsewhere. 

King  was  born  at  Newport,  Rhode  Island,  in  1842,  and  graduated 
from  the  Sheffield  Scientific  School  in  IS()2,  l)eing  a  member  of  the 
first  class  to  receive  degrees  from  that  institution.     The  year  following 

his  graduation  he,  in  company  with  James T.  Gardner, 
Sketch  of  Kinff  joined  an  emigrant  train  starting  from  St.  Joseph,  Mis- 

souri, on  an  overland  trip  to  California.  It  is  stated  that 
it  was  during  this  trip,  at  that  time  a  slow  and  eventful  one,  that  he  con- 
ceived the  idea,  afterwards  carricnl  into  execution,  of  a  geological  section 
across  th(*  entire  ( 'ordilleran  system,  lleaching  California,  he  attaiched 
himself  as  a  volunteer  assistant  to  the  State  survey  of  California,  under 
.1.  1).  Whitney.  Later  he  was  coiuiected  with  parties  under  Genenil 
McDowell  in  the  examination  of  iho  mineral  resources  of  the  MariiH)s:i 
grant.  It  was  during  this  (wpedition  that  he  and  his  (*ompanion  were 
captured  by  Apachivs,  but  were  fortunatt^ly  rescued  just  as  the  lire> 
were  being  prepared  foi*  tluMr  tortur(\ 

After  the*  civil  war  and  the  passag(»  of  the  bill  subsidizing  the  Pacific 
Railroad,  King  recognized  that  the  time  had  come  for  carrying  out 
his  scheme  for  connecting  the  geology  of  the  Kast  with  that  of  the 
West  and  making  the  cross  section  above*  referred  to.  With  this  pro- 
ject in  view  he  went  to  Washington  in  the  winter  of  lS(U>-4»7,  and  in 
si)ilt»  of  the  disa(lvanta<r<' of  his  vouth— being  then  scarcelv  25  vear^^ 
of  age,  and  still  more  youthful  appearance  -he  was  so  successful  in 
inipr<'ssing Congress  with  the  importance  of  ascertaining  the  <-hanicter 
of  the  mineral  resources  of  the  country  about  to  ])e  opened  that  not 
only  Vv'as  a  gencMous  annual  ap})ropriation  voted,  but  King  was  him- 
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self  plaiHHl  in  charge,  siibject  onl}'  to  the  adininistmtivo  control  of 
(iren.  A.  A.  Humphrey,  as  already  mentioned. 

The  published  results  of  this  survey  we  have  already  reviewed.  As  / 
described  by  Emmons,  from  whose  sketch  most  of  what  is  here  given 
of  the  personal  history  of  King  is  (juoted,  ''probably  no  more  nmsterly 
summary  of  the  great  truths  of  geology  had  been  made  since  the  pub- 
li(*ation  of  Lyell's  Principles.""  Making  due  allowance  for  the  enthu- 
siasm of  one  who  was  an  associate  and  warm  pcM'sonal  friend,  attention 
ne^Ki  onlv  be  called  to  the  fact  that  the  entire  work  wjis  consummated 
l)efore  its  author  saw  his  fortieth  birthday,  to  establish  once  and  for  all 
King's  fame  as  an  organizer  and  geologist. 

Aside  from  the  publications  under  this  survey.  King's  bibliogniphy 
contains  few  titles,  but  this  may  mean  simply  that  neither  ink  nor 
words  were  wasted.  In  1H77  he  delivered  an  address  at  the  thirtv-tirst 
anniversary  of  the  Shefheld  S<*ientitic  Sch(K)l  on  Catiistrophism  and  the 
Evolution  of  Environment,  which  Emmons  chamcterized  as  a  *'pro- 
t4»st  against  the  extreme  uniformitarianism  of  that  day."  It  was 
natunilly  Iwised  largely  on  his  Fortieth  Panilh'l  work.  This  uniform- 
itarianism he  descrilK»d  as  *'the  harmless  und(»structive  nite  (of  geo- 
logical changes)  of  to-day  prolonged  Imckward  into  the  deep  |>ast.'' 
He  contended  that  while  the  old  l>elief  in  catastrophic  changi's  had 
pro|H»rly  disiip])eared,  yet  geological  history,  as  he  read  it,  showed 
that  the  nit<»  of  change  had  not  lM»en  uniform,  as  was  claimed  l)y  the 
later  sch(X)l.  He  believed  rather,  as  a  result  of  his  own  observations, 
that  at  (*ertain  |)eriiKis  in  geological  history  the  rate  of  change  had 
lM»en  accelerated  to  such  a  degree  that  the  effect  produccnl  upon  life 
wa.s  somewhat  catastrophic  in  its  nature. 

One  act  in  King's  professional  career  should  1m»  here  referred  to, 
although  the  story  has  often  l>een  told.  It  will  Ix*  rememlN^red  that  in 
1S72  there  was  mad<»  a  n»ported  discovery  of  a  diamond  iiehl  in  south- 
ern Arizona  within  an  area  that  had  lM»en  gone  over  in  the  course  of 
the  work  of  the  Fortieth  Panillel  Survey.  King,  for  pun»ly  scientific 
puriH>M»s,  undert4N>k  a  study  of  the  region,  with  the  puq^ose  of  dis- 
covering something  regarding  the  matrix  and  the  origin  of  the  dia- 
numd.  He  discovered.  rathtT,  that  the  whole  matter  was  a  stu])endous 
fraud;  that,  so  far  from  there  lieing  a  diamond  mine,  tin*  ground  had 
Iknmi  *'siilted."  So  s<H>n  as  this  discovery  was  made  King  started  for 
San  Fmncis<*o,  traveling  night  and  day,  that  he  might  outstrip  all  other 
{N>ssible  M>urc«*s  of  information.  On  his  arrival  he  at  on4*e  visited  the 
offices  of  the  directors  of  tin*  com|mny  organized  for  the  S4'lling  of 
?«t4N*k,  and  <lemanded  ]M*r<'mptorily  that  all  issues  should  1n'  stopix'd. 
To  a  suggestion  tliat  his  announcement  of  tht*  fraudulent  nature  of  the 
claim  Ih»  delay «k1  tem|Kmirily,  li«»  replied:  '*Then»  is  not  money  enough 
in  the  Kank  of  California  to  in<lu<*e  me  to  delay  this  announcement  a 
single  hour."    And  it  was  not  delayed. 
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Itv  those  who  know  him,  KJiij^  is  dcscrilwd  as  a  man  of  raro  charrii 
of  niaiiiier,  cheerful  and  courteous  clisjxisition.  with  intcretnts  hrtmil  a^ 
(;ivi ligation  and  sympathicN  catholic  as  hunmnitj.  A  man  of  remark- 
ahly  robust  physique,  he  yet  l>roke  down  ahuo^t  in  the  prinio  of  life, 
and  died  of  coiismuption  in  1901. 

i:.  H.  ciKiii^jcuuAL  f 


In  186!t  IJeut.  Ci.  M.  Wheeler,  of  the  I'nited  State's  Engineers,  was 
authorized  to  undertake  a  military  reirouiiois.siLnce  for  to{}o>;ruphi«a1 
purposes  in  southwest  Nevada  and  wesU^ni  I'tah.  No  geologist  acconi- 
whecter'i  Survey*  l""""!*!  *''*'  IMU'ty  iintil  1S71,  thc  wofk  being  purely 
mSjim!"'""  topogmphiiul.  In  the  last-named  year  G.  K.  (iilU-rt 
i869'i87«.  Avjis  appointed  chief  g«ologist.  serving  through  three 

field  seasons,  with  A.  U.  Marvine.  assistant  in  1S7I,  and  E.  E.  Howell, 
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J.  .1.  Steve 


!  us  geologist  with  one  of  the  i>arties 
in  187:i,  Jules  Marcoii  in  1S75.  A.  K.  Conk- 
ling  in  lfS7r.-1877,  and  J.  A.  C:hurch  in  1S77. 
Jn  187JS-7!'  Stevenson  was  again  attached  to 
the  survey,  with  I,  (.'.  Russell  ais  assistant. 
Osnir  Locw  servetl  as  ininemtogical  assistant 
(luring  1871-18(5,  and  E.  I>.  Cope  as  verte- 
l>iat«  paleontologist  in  1874, 

The  invertebrate  jjaleontologicHl  collec- 
tions made  by  all  of  the  partie.s  wore  worked 
up  by  l>r.  ('.  A.  While,  then  connected  with 
Howdoin  College,  after  a  preliniinarv  ex- 
amination l.y  F.  11.  Meek.  The  tesid'ts  of 
tlii-  geological  work  appeared  in  the  form  of 
Iwn  <|iiart..  volumes,  the  first,  of  ttsi  pages, 
in  |.sT."i:  and  the  second,  of  420  imges.  in 
1S81  -th.>  laltcr  with  an  appenrlix  liy  Doctor  White,  comprising  :W. 
pages  of  te.\t  and  2  plates  ut'  fi»siis.  Tile  |):d.'onti>logiciil  reix.rt 
proper,  c()nipri>ing  the  work  of  both  Cope  and  White,  apiM'ared  under 
date  of  1S77.  a  (jnarto  vobunc  of  :>:>:<  pages  ,m<l  Hri  plates  ,)f  fossil>. 
Tin-  lirst  vertebrate  t"..ssil>,  fn.ni  ihc  wcst.'rri  Triassic  were  <le-crilK'd 

in  (hi-  report,  ll ilcrial-  liavlng  been  obtaiiied   l.y  lV..f.'ssor  New- 

berrv  wh,-n  atla.'hed  to  the  Mai-..nil.  expedition  in  \s->:>. 

(lillH-rtapidicd  the  namo  Ita>in  Hange  sysrem  and  llasin  Ranges  to 
all  ihat  sysli'm  of  short  mountain  ridges  se|mnited  by  trough-like 
valleys  whi.h  lie  west  of  the  plateau  sy<teTn.  though  not  (piite  coin- 
cident wilh  the  (Ireal  Masin  il>eir.  Tlii-  basis  system  of  mountain 
uplift  he  regarded  a- due  niaiidy  to  faulling  and  tilting,  in  this  resix-.-t 
ditleriug  with    the  geologi^ts  of  the    Fortieth  Parallel  Survey,   who 
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rocr-irdod  the  primar\'  features  as  due  to  folding,  the  now  evident 
faulting  l)eing  a  phase  of  late  Tertiary  or  post-Tertiary  time/'  He 
noted  that  the  ranges  were  parallel,  recurring  at  regular  intervals  and 
of  oniy  moderate  dimensions;  further,  that  the  ridges  of  the  system 
occupied  loci  of  upheaval,  and  were  not  residua  of  denudation;  and 
that  the  valleys  were  not  valleys  of  erosion,  but  mere  intervals 
between  the  lines  of  maximum  uplift. 

He  dwelt  in  considerable  detail  upon  the  phenomena  of  erosion  by 
wind-blown  sand  and  silt-laden  streams,  and  discussed  the  glacial 
phenomena  and  the  conditions  attending  the  drying  up  of  the  great 
inland  lakes,  applying  the  name  I^ake  Bonneville,  in  honor  of  Captain 
Ik>nneville,  the  explorer,  to  the  great  body  of  fresh  water  that  once 
occupied  Sevier  and  Salt  Lake  valleys  and  of  which  the  present  bodies 
of  salt  water  bearing  these  latter  names  are  but  the  tiny  rebiduals. 
Those  great  bodies  of  water,  which  obviously  could  have  existed  only 
under  conditions  of  climate  quite  different  from  those  of  to-daj',  ho 
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Fio.  114.— Hwtion  of  the  Pahranagat  rnnKO  at  Silver  Canyon.    (After  G.  K.  Gilbert.)    Scale.  1-72000. 
Base  line=level  of  Great  Salt  Lake.     Q.  Quartz  Peak;  S,  Sandcru  Ca&on. 

believed  to  be  coeval  with  the  Glacial  period  of  the  northeastern  States. 
He  found,  however,  no  counterpart  in  this  region  of  the  general 
glaciatioQ  of  the  eastern  States,  though  there  were  local  glaciers  high 
upon  the  flanks  of  the  mountains. 

The  abundant  volcanic  phenomena  presented  by  the  region  were  dis- 
cussed in  considerable  detail  and  the  recency  of  many  of  the  lava  Hows 
noted^  the  conclusions  arrived  at  being  to  the  effect  that  while  ''  we 
are  not  merely  permitted  to  think  of  a  renewal  of  that  activity  as  i>os- 
sible     *     *     *"*     we  are  logically  compelled  to  regard  it  as  probable." 

The  geological  hi.^tory  of  the  })asin  region  as  read  by  Oilbert  was  to 
the  effect  that  the  area  was  depressed  l>elow  sea  level  from  the  close  of 

o  In  Chapter  VII  of  the  vohime  on  Mining  Iinlustry  ( Vol.  Ill,  Re|)6rt,  40th  Parallel 
Survey,  1873)  King  refers  incidentally  to  these  uioiintain^  a^  the  topn  of  foldn  whose 
deep  eynclinal  valleys  are  filled  with  Tertiary  and  Quaternary  dt'tritus.  Juijst  how 
fully  the  problem  may  have  l)een  worked  out  in  his  own  mind  at  that  time  is  not 
apparent,  but  in  1878,  after  the  appearance  of  (filbert's  monograph,  he  exj)re8sed 
the  opinion  noted  above.  The  entire  subject,  it  may  be  stat^nl,  was  gone  over  by 
J.  E.  Spurr  in  a  paper  read  before  the  Geological  Society  of  America  in  liHX)  (see 
Bull.  Geol.  Soc.  Amer.,  XII,  pp.  217-270),  and  the  matter  rediscussed  at  the  winter 
meeting  of  the  same  society  in  Washington  in  1902.  The  prevailing  ojnnions  there 
expressed  were  in  accordance  with  the  views  put  forward  by  Gilbert  in  1S75. 
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the  Aivheaii  iHTiod  until  Iiitc  Carboniferous.  From  the  close  of  tlin 
Carltouifcmiw  to  the  bogiiming  of  thts  Cretaceous  a  great  area,  includ- 
ing the  entire  plateau  country,  wiu*  covered  by  the  waters  of  an  inland 
sea  entirely  cut  off  f  i-oui  the  main  ocean.  Only  once  did  the  sea  regain 
a.  temporary  sway,  bringing  with  it  a  Juraii- 
]^  j    '*'*'  f"""*  '""^  t''^"  retreating.     Throiighout 

^^H^B^  the  Cretaceous  ixge  the  plateau  <-ountry  was 

^^^F^^^t^k.  ^''^  scene  of  a  .shallow  ocean,  the  shores  of 
^^^^^k  ^^H  which  were  ever  Kdvancing  and  receding. 
^^^^^■flM^H  Through  the  upraising  of  some  remote  l)ar- 
'J^B^^^^^^^^Ba  ■'ici*  ^^^  ocean  was  pLTUianently  shut  out  and 
^^^I^^^^^H^H  the  inland  sea  gradually  converted  into 
^^^H^^^^^^^^l  an  immcn.se  fre.sh-water  lake,  and  tinally 
^^^^^^^^^^^^H  drained  till  the  whole  region  liecame  ter- 
^^^^^^J|H^^^^^B  Since   the  this   sea 

^      ^^^^1     the  elevation  of  the  continent  which  caused 
^^^^^K  ^^^H     it  has  continued,  and  the  plateau  coiintrt'. 

Fi.i.  ii.'i.-Eiiniii  KiiKiiu-  n.iiviii      which  from  early  Silurian  to  late  Cretaceous 
times  wa.s  slowly  sinking  to  an  extent  of 
not  Ies,s  than   .s,u()()   feet,   has   lieen   iKxJily   uplifted   to   its   former 
altitude. 

Gillwrt  nilled  attention  to  the  almost  entire  absence  of  Upper  Silu- 
rian and  Devonian  fossils  in  the  region,  and  described  the  volcanic 
necks  or  plugs  as  vestiges  of  the  flues  through  which  the  eruptions 
reached  the  surface,  the  last  contents  con- 
gealing in  the  flue  to  be  subsequently  ex- 
jKised  by  ci-osion. 

A.  li.  Maivinc,  who  was  attached  to  the 
party  in  ls71  as  an  usirnnoniiciil  assistant, 
WHS  later  detailed  for  geol«)gical  work,  his 
report  on  the  region  between  Foil  AVhipple, 
New  Mexico,  iinii  Tucson.  Arizi>iia.  oieupy- 
ing  [iiiges  lU]-'J-27i  of  ihe  third  volume. 

K.  E.  Howell,  us  11  nicKiber  of  the  survey 
during  lM7:i-T:!,  worki-tl  tbrougliuut  the  lirst 
season  in  western  I'liili  and  eastein  Nevada 
and  the  plateau  region  of  centrtil  Nevada. 
In  1^7:^  he  once  more  entered  the  plateau  fi.^.  iici.^i.hu  Jamt-nsifv.-u-.n 
country  and  contiiuied   njnm  it   to   Arizona 

and  New   Mexico.      His  re|H»rt  is  included   in  pages  2l'7-3<n)  of   the 
siune  viilume. 

The  party  to  wliich  .1.  J.  Stevenson  was  attached  as  a  geologist  was 
assigned  in  1x7"  to  work  in  southern  Colomdo.  the  region  including 
imrlions  of  the  drainage  areas  of  the  Soutii  Platte.  Arkansas,  Hiii 
Grande,  San  ,Iu:in,  Grand,  and  Gunnison  rivers. 
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StevtMisoii  devoted  considemble  atteiitioii  to  a  discussion  of  the  geo- 
loji^icjil  age  of  the  Colonido  lignites,  which  h(»  regarded  (Ijesqiiereux 
to  the  eontniry,  notwithstanding),  as  Cretiiceous.  He  agreed  with 
J.  L.  Le  Conte  in  regarding  the  Rock}'  Mountains  as  not  the  product 
of  one  upheaval,  nor  the  seveml  axes  wholly  synchronous  in  origin. 
The  first  great  epoch  of  accelenited  disturljance  in  the*  Rocky  Mountain 
region,  resulting  in  the  permanent  elevation  of  the  surface,  he  thought 
to  have  })een  synchronous  with  that  during  which  the  Appalachian 
chain  was  completed.  Further,  that  the  second  epoch  of  elevation 
l>egan  toward  the  close  of  the  Triassic.  This  was  followed  hy  a  pt^riod 
of  subsidence  during  which  the  Cretaceous  beds  were  laid  down,  a 
thii*d  period  of  uplift  marking  the  close  of  the  Cretaceous.  During 
this  latter  period  volcanic  agencies  were  in  a  stat(»  of  intense  activity, 
and  a  vast  sheet  of  lava,  two  to  three  thousjind  feet  in  thickn(»ss,  flowed 
out  over  the  whole  region  of  the  (i mnd  and  (lunnison  rivers.  During 
theTertiar\'  iH»ri<Kl  still  another  (devation  took  place,  sutticient  to  give 
the  rcK'ks  of  that  age  a  dip  of  some  5  degrees. 

In  his  report  of  the  work  for  I87i^  Stevenson  discussed  in  consider- 
able deUul  the  relations  of  the  I^aramie  group,  which  heregjirded  as 
but  the  upper  jwirt  of  llayden's  Fox  Hill  group— that  is,  of  very  late 
Cretaceous  age.  He  felt  that  there  was  no  doubt  but  tliat  the  coal 
tields  of  the  Galisteo  area  and  of  southern  C-olorado  were  of  precisely 
the  same  age  as  those  of  northern  Colorado  and  Wyoming. 

THE    UNITED    STATES    GEOLOiilCAL    AND   GE0(;RAPHI(\\L   SURVEYS 

UNDER  J.  W.  POWELL. 

J.  W.  Powell's  first  observations  on  the  geology  of  the  Uinta  Moun- 
tains were  made  in  iSfJJl,  when  engjiged  in  his  famous  exploration  of 
the  Grand  Canyon,  already  noted.  In  1S71,  1874,  and  1875  he  again 
Pwwca'sOcoioKy  vii^ited  the  plateau  region,  the  last  year  being  accom- 
mSllul^  panied  by  Dr.  C.  A.  White.     The  results  of  these  later 

IS74-75.  3^ears   of  exploration  are  given  in  the  <piarto  mono- 

graph on  the  Geology  of  tlie  Eastern  Portion  of  the  Tinta  Mountains, 
puldished  in  1876.  This  comprised,  all  told,  218  pages,  with  a  large 
folio  atlas. 

The  expedition  of  1875  and  those  of  the  intervening  years  until  1880 
were  made  under  the  authority  of  the  Department  of  the  Interior,  the 
organization,  with  Powell  as  director,  }>eing  known  as  the  second 
division  of  the  U.  S.  (ieological  and  Geographical  Survey  of  the  Terri- 
tories. Jn  1877  the  name  was  changed  to  the  V.  S.  (leographical  and 
Geological  Survey  of  the  Rocky  Mountain  Region. 

In  none  of  the  early  Powell  surveys  was  an  attempt  made*  at  system- 
atic areal  work.  Certain  striking  and  well-exem[)litied  features  were 
selex^ted  and  made  the  subject  of  special  monographs.  In  the  work 
of  1876,  above  noted,  Powell  divided  the  region  w(»st  of  the  Great 
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Plaiim,  east  of  the  Sierni  Nevada,  and  south  of  the  North  Platte.  Sho- 
shone, aiid  Sweetwater  nvem  into  what  he  designated  as  geologiml 
pTOvinoes — the  Park  Province,  the  Plateau  Province,  and  the  llasiii 
Province. 

The  tirst  named  he  described  as  characterized  by  broad,  massive 
lunges,  sometimes  distinct  and  sometimes  coalescing,  so  as  to  include 
the  great  parks.  The  mountains  comprise  high,  lofty.  sn<>w-cla<l 
peaks  which  form  perennial  re-icrvoira  for  the  multitude  of  streams 
discharging   in  i>art  into   the   Colorado    Kiver  and  thence   into  the 

Gidfof(.'!aliforniH.and 
in  part  into  the  Kio 
(irande  and  theme 
into  (he(iuir  of  Mex- 
ico. 

Tiie  Plateiui  Pn>v- 
ince  he  deJM-ril>ed  as 
characterized  liy  many 
tables  l)oimd(H(  by  can- 
yon and  clitr  es<-ari>- 
ments,  and  on  which 
stHnd  lone  mountains 
and  irregular  groups 
of  nioitntainsand  short 
ninges.  This  region 
drains  almost  wholly 
into       (lie       Colorado 
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the  Ciutas,  he  >howed  that  they  owed 
tlic  dcgnidatiun  of  ji  great  upheaved 
stand-west  direction.  This  upiieaval. 
■ry  slowly  and  gradually,  In-gjin  at  the 
iitiniicd  with  sliglit  intermissions  until 
ml  of  ii|>he>ival  in  tlie  axial  ivgion  wa- 
nponiric(tusly  with  upheaval  the  f.trcf- 
of  ilegnidatioTi  were  at  work,  though  not  at  the  same  I'ule  of  progrcs-. 
along  the  axial  line  of  uplift,  the  degradation  amounting  to  more  than 
ii.'i.non  feet  (4^  niiles).  and  ihc  mean  dcgnidation  to  :U  miles;  si>  tli;it 
ovei'  the  entire  area  of  alnait  2,000  square  miles  some  7,1(M)  ciiliic 
miles  of  rock  material  have  Ik'CH  ivmoved. 
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Durmjr  the  years  1S74,  1S75,  and  187*i  (Japt.  Claicnw  E.  Dxittoii.  of 
the  Oixiiiaiice  Department,  U.  S.  Army,  made,  under  dire<ition  of  the 
I*owell  survey,  further  studies  in  the  plateau  region  which  had  already 
received  attention  from  Powell,  Newherry,  and  others, 
the  mibIi  Ptateao*.  as  previously  noted,  Dutton's  monograph — a  Report 
on  the  Geology  of  the  High  Plateiius  of  Utah,  a  quarto 
volume  of  307  pagea,  with  an  atlas — appeared  under  date  of  18S0. 
Thfl  particular  t«rritorj'  studied  by  Dutton  laj'  in  Utah,  occupying  a 
Ih^U  of  country  extending  from  a  point  about  15  milcM  east  of  Mount 
Nebo.  in  the  Wasatch,  south-south wi<st  for  about  175  miles,  and  having 
a  breadth  of  from  25  to  80  miles — a  totaf  area  of  some  !t,0<IO  square 
mih's. 

As  WHS  the  ca--e  with  Powell,  as  indeed  must  here  be  the  case  with 
every  observing  man,  Dutton  was  impressed  with  the  evident  signs  of 
the  vast  amount  of  emslon  which  the  country'  had  undergone  within 
comparatively  recent  geological  times.  Not- 
ing that  from  an  area  of  Hi,()00  s»|uai-e  miles 
fnmi  <;,tMiO  to  10,(KX)  vertical  feet  of  strata 
have  l>een  n'moved,  he  fell  to  stweulating  on 
the  probable  effect  upon  the  earth's  eijuilih- 
rium  of  such  n  transference  of  materials. 
I  f  the  slow  Hccunnilation  of  great  ma^sses  of 
sediment  on  sea  bottoms  brings  alxmt  a 
gradual  sulwidence,  why  should  not,  he 
ai^ued,  the  removal  of  a  like  load  from  any 
land  area  result  in  a  correspondiug  uplift 
or  elevation.  Thus,  for  the  se<'ond  time  in 
the  history  of  Ameriom  geology,  was 
broached  the  now  well-known  subject  of 
i.-iostacy.  (Seep.  4St!t.)  This  great  erosion, 
it  is  well  to  note,  he  regarded  as  having  taken  place  nminly  in  Miocene 
time,  though  continuing  on  into  Pliwene. 

He  noted  that  the  great  stnicturai  features  of  the  high  plateaus  were 
due  to  faults  and  monoclinal  flexures;  al.so  that  the  one  form  of  dis- 
placement passed  continually  into  the  other— that  what  is  here  a  simple 
fault  passed  by  subdivision,  but  a  few  miles  farther  along  in  itfi  coui'se, 
into  whathe  designated  as  step  faults,  and  still  farther  on  into  unbroken 
anticlinals.  All  of  these  grander  displacements  belonging  to  the  same 
system  he  regarded  as  having  their  commencement  jti  the  latter  |>art 
of  Pliocene  times. 

The  great  amount  of  vokanic  activity  evident  received  attention, 
the  most  ancient  dating  hack  to  Eocene  times.  The  character  of  the 
volcanic  p^oduct'^  was  studied  and  the  various  lavas  cla.ssitied  as  (1) 
propylite,  (2)  andesite,  (3)  trachyte,  (-1)  rhyolite.  and  (o)  )>asalt, 
named  here  in  order  of  their  extrusion.     The  fact:^,  as  a  whole,  in  this 
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region  he  believed  to  be  condrmatorj'  of  Richthofen's  law  of  the 
sequence  of  voleiinic  rocks."  lie  noted  his  objections  to  the  German 
method  of  rock  clatiisitii-ntion  based  upon  geological  age. 

In  187*>  (1.  K.  Gilbort,  then  ii  member  of  Major  Powell's  corps,  made 

a  study  of  the  Henry  Mountams  of  Utah.     His  report  appeared  in 

1877   in    the  form    of    a    quarto 

volume  of    IHO  pages,  with    five 

foldingplutes.and 

Henry  Man  dtaloi.        UUmcrOUM     platO^ 
1S7S-1S77.  ,    ,.  ',         , 

and  hgures  in  the 
text.  III  this  he  showed  that  these 
mountains  were  due  to  the  intru- 
sion from  liclow  of  igneous  mat- 
ter through  Carboniferous  and 
Triaswic  strata,  causing  the  over- 
lying Cretaceous  and  Tertiary 
beds  to  arch  or  bulge  upward, 
the  present  aspect  of  the  moun- 
tains having  i-esulted  from  erosion, 
whereby  the  overlying  bulged 
bi-ds  an<i  a  portion  of  the  igneous 
rocks  as  well  were  cut  away. 
Phenomena  of  this  type  had  U-en 
pit  viously  noted  by  llotme^. 
I'uile.  and  Marvine.  of  tlie  liiiy- 
d<  iiSiirvev{pp.lHl!,f>Oi»).bul  it  re- 
nmined  for  Gilbert  to  fully  clnlM>r- 
ate  tlie  idea.  :ind  that  in  a  111:111- 
iier  tliat  must  evertonnect  it  with 
his  niime.  To  intrusions  of  ihi- 
ty|Kr  he  gave  the  name  of  lacco- 
ites. 

In  this  reiwrt  Gilliort  showed 
that,  in  the  uplifting  of  the  >tin(l- 
stoiie  to  form  these  domes,  the 
JM'ds,  as  in  the  case  of  tluit  of  the 
Vermilion  Cliff  simdstone,  might 

JH.'  elimgat^'d  as  much  as  3(M)  feet 

in  a  distance  of  tliive  miles.  That  this  could  be  done,  and  tliat  .-nd- 
denly.  he  believed  to  Ix-  due  to  the  pressure  of  the  overlying  ImhIs. 
The  iiiiiteriul  was  in  a  quHsl  plastic  condition,  and  no  tis.sures  could 
Ik>  iqwned  unless  <-()ini-idently  filled  by  some  material   which   would 


iviiU-.!  1 


cla.'vcfi  K'ven  hIhiM'.  ami   n^inlo 
Ee<iui?nci'  oi  eruptions,  projiylite  being  tlie  u 
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resist  th<»  tendency  of  the  walls  to  flow  together.  This  considemtion 
led  him  to  the  conrlusion  that — 

ju?<t  as  for  each  nK'k  then*  in  a  cruHhiup  weight,  so  there  is  for  each  nwk  a  certain 
depth  at  which  it  can  not  1k»  fiHsured. 

Applying  this  principle  to  faults  and  fissure  veins  he  concluded  that — 

if  the  fault  extend  to  a  j^reat  depth  it  will  tinally  reach  a  region  where  the  hardest 
HM-kn  which  it  M^jiarateH  are  coerctMl  byno^reat  a  preni^urethat  they  can  not  hold  them- 
K'Ivt»H  aHunder,  hut  an*  fon*ed  together  l)e^)re  tlie  figure  <'an  l)e  tilltMl  by  mineral 
<h*iK>HitH.     ThuH,  then*  in  a  definable  inferior  limit  to  the  n*gion  of  vein  formati(m. 

This  the  present  writer  believes  to  be  the  first  time  the  doctrine  of 
rock  flowage  was  put  forth  in  America  and  by  an  American. 

The  matters  of  instability  of  drainage  lines,  planation,  and  formation 
of  river  termces  were  discusst^d,  and  it  was  shown  that  Hitchcock's  id(»a 
of  the  formation  of  river  terraces  by  successive  pericnlsof  sedimc^ntation 
(p.  4^)2)  was  erroneous,  such  in  fact  bein^  but  the  rec^orded  stages  of 
prof^ressive  vrosion.  In  this  work  (lillM^rt  used  the  terms  c(tnt«yut nt^ 
anttntlmf^  and  miprriinpoxed  as  introduced  by  Powell,  and  showinl  that 
the  drainage  of  the  Henry  Mountains,  while  as  a  whole  consecpient, 
was  not  so  in  all  of  its  details. 

The  igneous  nwksof  the  mountains  were  studiwl  microscopically  by 
(apt.  C.  E.  Dutton,  who  classed  them  as  trachytes. 

Powell  was  Inirn  of  P^nglish  parentage  in  Mount  Morris,  New  York, 
March  24,  1834,  and  died  September  23,  UH)2.  From  childhood  he 
manifestcil  a  deep  interest  in  all  natural  phenomena  and  early  gJive 

evidence  of  that  l)old  and  self-reliant  spirit  which 
Sketch  of  Pvwdi.  in  later  years  found  vent  in  his  hazardous  explora- 

tion of  the  Grand  Canvcm  of  the  Colorado.  Vigor- 
ous,  im|M3tuous,  and  sometimes  intolemnt  of  the  opinions  of  oth(»rs, 
he  made  warm  fri<»nds  and  strong  enemies.  Rising  from  obscurity, 
without  university  training,  indt^ed  almost  wholly  self-taught,  to 
lH»conie  a  lK)Id  and  aggressive  thinker,  and  tinally  the  head  of  the  W  S. 
(i<H>logical  Surv<»v  in  ISSI.  it  is  little  to  be  wondered  at  that  he  iH^came 
for  many  a  tiii'get  for  sneers  a.s  well  ais  an  object  of  envy.  But  how- 
ever much  men  mav  ditTer  as  to  the  value  of  his  individual  work  in 
the  geological  as  well  as  ethnological  ti<»ld,  no  one  will  for  a  moment 
ipiestion  that  it  was  through  his  efforts  that  others  wen»  given  tin* 
opportunity  to  inirve  out  their  own  inunortality.  I'imjii  his  success  as 
an  administrator  his  fame  mav  safelv  rest. 

After  his  retirement  from  the  Survev  in  ism  Powell  limitiHl  him- 
»*elf  mainly  to  abstrus<»  |)sy<-hological  problems  and  the  direttorship 
of  th«»  Bureau  of  American  Kthnology,  which,  it  >hould  Ik»  said,  he 
had  b(M*n  largely  instrumental  in  founding  in  tsso. 

Powell  served  with  gallantry  during  the  civil  war,  rising  t4»  the 
rank  of  major  of  artillery.  He  lost  his  right  aim  at  the  battle  of 
Pitt8bur)f  Ijinding. 
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As  early  as  1874  the  queation  of  the  advisability  of  conrtolidatititr 
th*,'  various  geological  and  geographical  surveys  west  of  the  Mi.<s8i^'<ippi 
was  considered  by  a  coniniittee  of  tlie  public  lands,  to  which  Congress 

had  referred  a  message  of  the  President  of  the  rnit«i 
ih> Oeatogicai  Statc-S  relating  to  the  matter.     The  committee  made 

exhaustive  investigations,  receiving  testimony  froni 
many  interested  parties,  and  undoubtedly  a  strong  effort  was  mode  to 
have  the  surveys  conducted  under  the  direction  of  the  United  Statw 
Army.  In  opposition  to  this  was  successfully  arrayed  almost  the 
unanimous  opinion  of  the  scientific  and  professional  men  of  the 
country.  In  1878  the  matter  was  again  brought  up,  with  the  result 
of  consolidfttinf;  all  of  the  various  surveys  under  the  U.  S.  Geol(^'- 
cal  Survey,  of  whifh  Clarence  King  was  appointed  director  in  ISiW. 
Mr.  King,  however,  held  the  office  but  a  single  year,  resigning  in 
favor  of  Maj.  J.  W.  Powell. 


(UI AFTER    VIII. 

THE  FOSSIL  FOOTPRINTS  OF  THE  CONNECTICUT  VALLEY. 

In  the  Ainericiin  Journal  of  Science  for  iS'M  Prof.  Kdward  Hitch- 
coi'k  de8cril>ed  a  series  of  fossil  footprints  occurring  in  the  sandstone 
of  the  Connecticut  Valley,  attention  to  which  haid  lM»en  called  hy  Dr. 
James  Deane,  of  Greenfield,  the  latter's  notice  haying  been  first 
directed  to  them  hy  a  Mr.  Dexter  Marsh,  of  Deerfield,  who  found 
them  among  some  flagstones  l)eing  laid  in  front  of  his  house.  Deane, 
who  was  a  practicing  physician,  was  (juick  to  realize  their  geological 
interest  and  apj)arently  also  recognized  his  own  inability  to  do  the 
matter  justice,  and  so  referred  them  to  Doctor  Hitchcock. 

Those  first  found  were  from  a  quarry  in  Montague;  later  finds  were 
made  at  the  so-called  Lily  Pond  quarry  at  Turners  Falls,  a  quarry 
which  has  yielded  in  the  past  and  still  occasionally  yields  the  finest 
exampleh  yet  produced.  Hitchcock  descril>ed  and  figured  tracks  which 
he  regarded  as  haying  l)een  made  by  as  many  as  seven  different  species 
of  animals.  His  conclusions  regarding  their  origin  were,  first,  that 
they  were  all  the  impressions  of  bii>ed  animals;  second,  that  they  could 
not  haye  l>een  made  by  any  known  bijM»d  except  birds,  and  third  that 
they  well  corres|)onded  with  the  tracks  of  birds  in  haying  the  same 
ternary  division  of  the  f<»et.  with  fre<juently,  and  jM'rhap'^  always,  the 
t<H»s  terminated  with  claws,  as  do  birds.  To  tlH»se  suppos(»d  bird  tracks 
he  gave  the  name  OrnlfhlchniftM  yfwnw  ^>/y>'/«r  and  Ttxy^xr).  signifying 
stony  bird  tracks.  Five  years  of  further  examination  enabled  him  to 
swell  the  list  of  sjx»cies  to  27,  which  were  descrilied  and  figun»tl,  natural 
size,  in  his  final  report  on  the  geology  of  Massa<*husetts.  1S41. 

I'p  to  this  last  date  he  had  found  no  ceitaii  eyidenci*  that  any  of  the 
t nicks  were  made  by  ()uadru]ie<ls,  yet  a  con^iidemble  pro)K>rtion  of 
them  lK)re  so  strong  a  resem})lance  to  saurian  reptiles  that  he  d(»nomi- 
nated  them  /c/////v//////7* /*//<--«,  or  tnicks  resembling  those  of  saurians, 
inten<ling,  however,  by  the  term  merely  to  convey  an  intimation  that 
they  might  prove  r«*ptilian.  To  the  others  he  now  applied  the  name 
ffr/tff/u*fWir/ttu'ftM^  or  tnicks  resembling  those  of  birds.  To  animal 
tra(*ks  of  all  kinds,  and  of  whatey<»r  nature  he  pro|M)sed  the  general 
nanu*  irhnolltrM. 

At  the  April  me<*ting,  1H42,  of  tin*  Ameri<iin  Association  of  (Jeolo- 
gist**,  Hitchc<K*k  brought  the  matt4'r  up  once  more.  dcM-ribing  five 
new  r^pecies,  one  of  which,  O,  ttifhruMU^  from  Pompton,  New  tlersi^v, 
was  the  first  thus  far  found  outside  of  the  Conne<'ti<-ut  Valley. 
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In  this  same  paper  he  also  announced  the  finding  of  tracks  which 
afforded  the  first  "certain  evidenee  that  any  of  the  numerous  traciu 


!■  •.midwtonc  iif  tile  Coiun-cticut  Valli-y  were  made  bv  ai|iiaii 
mind."  tli.>iij;li  he  Imd  susju'cted  that  such  iiiiyhl  Ik-  the  i-asc.  The>c 
j)rol>alilo  i|Utulnii»<'dal  tnn-ks  In-  descrilu'd  under  the  name  Situfi'li'l'- 
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tiftrH  (lewey!^  and  it  was  suggestecl  that  they  were  comparable  with  the 
i'Ju'iothrrlum^  an  amphibian  found  in  the  European  Keuper  beds 
(Triassic).  This  discovery,  naturalh%  raised  again  the  question  as  to 
the  ix)ssible  quadrupedal  nature  of  the  others  described,  but,  with 
characteristic  conservatism,  he  still  refrained  from  committing  him- 
self, simply  noting  that  it  would  be  "contrary  to  the  cautious  spirit 
of  science''  to  decide  on  the  evidence  then  at  hand  as  to  their  exact 
nature,  and  he  therefore  adhered  to  the  course  adopted  in  his  previous 
report,  and  classified  all  under  the  names  as  ornitlwidichnites  and 
Hfiuroidlchnltes^  as  before. 

It  is  scarcely  necessary  to  remark  that  the  discovery  of  these  tracks 
excited  a  very  lively  interest  both  at  home  and  abroad,  and  references 
and  suggestions  regarding  them  multiplied  in  the  geological  literature 
of  the  day.  Thus,  in  the  American  Journal  of  Science,  XLV,  1843, 
under  the  title  of  Ornithichnites  of  the  Connecticut  River  Sandstones 
and  the  Dinornis  of  New  Zealand,  we  find  given  the  opinions  of 
Deane,  Hitchcock,  Mantell,  and  Richard  Owen  regarding  their  nature. 
Deane,  in  a  letter  to  Doctor  Mantell,  of  London,  had  written: 

The^e  beautiful  fowils,  indicating  a  high  grade  of  animal  existence  in  a  period  of 
the  eartli  so  immensely  remote,  may  well  be  regarded  among  the  wonders  of  paleon- 
tological  Hoience.  *  *  *  That  the  footsteps  of  the  Connecticut  River  are,  how- 
ever, the  authentic  trac-es  of  extinct  birds  is  confirmed  by  the  undeviating  compari- 
sons they  bear  to  living  nature. 

He  wrote  further  of  referring  these  footprints,  as  discovered  by 
himself,  to  l^rofessors  Silliman  and  Hitchcock,  both  of  whom  admitted 
the  plausibility  of  his  statements,  yet  remained  incredulous  as  to  the 
inferences  dmwn  until  accurate  models  were  submitted  to  them,  wMien 
Professor  Hitchcock  had  pronounced  his  unqualified  conviction  that 
the  footprints  were  those  of  birds.  Doctor  Mantell  in  his  reply  to 
I)(Ktor  Deane  seems  to  have  himself  acc^epted  the  opinion  of  their 
bird-like  nature,  and  stated  further  that  at  first  both  Professors  Owen 
and  Murchison  were  in  doubt  as  to  whether  thev  were  made  bv  birds 
or  reptiles.  Mr.  Lyell,  however,  stated  his  conviction  that  they  were 
genuine  onnthlclnilttH,  I^ater,  Professor  Murchison,  after  considering 
the  enormous  size  of  the  tracks  which  must  have  been  made  bv  the 
New  Zealand  moas,  *'  confessed  that  the  gigantic  l)ones  from  New 
Zealand,  evincing  as  they  did  most  unequivocally'  the  existence  even 
in  our  own  times  of  birds  as  large  as  any  required  by  the  American 
footmarks,  had  removed  his  skepticism,  and  tfiat  he  had  no  hesitation 
in  declaring  his  b<»lief  that  th^  omit lilch n! ten  had  been  produced  by 
the  imprints  of  the  feet  of  birds  which  had  walked  over  the  rocks 
when  in  a  soft  and  impressible  state."  ''An  opinion,''  adds  Mantell, 
''in  which  I  entirel}^  concur.'^ 

Dr.  Richard  Owen,  too,  in  a  letter  to  Professor  Silliman,  under  date 
of  March  16,  1843,  after  calling  attention  to  the  need  of  caution  in 
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ft88uming  the  existence  of  highly  organized  birds  at  so  early  a  period, 
particularly  when  there  were  known  to  be  large  reptiles  which  might 
make  tracks  very  similar,  went  on  to  speak  of  the  then  re^-ently 
(lescnlwd  Dinornis"  of  New  Zealand,  and  wrote  as  follows: 

It  §eemB  most  reasonable,  therefore,  to  ramclude  thai  the  oriiithiehnita  are  the 
impres^ionx  of  feet  of  birds  whieh  had  the  aauie  low  grade  of  organixatinn  as  the 
Apt«ryx  and  Dinornis  of  New  Zealand,  and  tliiM  latter  may  l>e  res»rdw!  as  the  last 
remnants  of  an  apUrouti  race  of  binle  which  eeeinx  tu  have  lloarished  in  the  epoch 
of  the  New  Red  sandetone  of  Connecticut  and  MasHichusette. 

The  concluding  paragraph  in  the  article  from  which  theae  alwtractj; 
have  been  made  is  interesting  as  showing  the  miqiialitied  acceptation 
by  Murchisou  of  the  opinions  by  the  various  authorities.  Thus,  he  is 
quoted  as  having  said: 

From  this  moment,  then,  1  am  prepared  to  admit  the  value  of  the  reaeoninifiif 
Doctor  Hiti'hi'ock  and  of  the  original  dixcoverer,  Dr.  James  Deane,  who,  it  appeaiv 
by  the  clear  and  ma<lest  paper  laid  before  lis  (by  Doctor  Mantell),  was  the  Qnt  \yeT- 
lo  (vll  the  attention  of  the  professor  to  the  |i)ie- 
1,  expreesin);  then  his  own  belief,  from  what 
he  saw  in  existinn  nature,  that  the  footprints  were 
made  by  birds.  I.et  us  now  hope,  therefore,  thai 
the  last  vestifi^  of  doubt  may  be  removed  by  the 
discovery  of  the  bones  of  soDie  fossil  Dinornis.  In 
the  meantime  let  iiH  honor  thegreat  moral  rouis|[e"f 
I*rofeNsur  tlitchcock  in  throwing  down  his  opinions 
tiefon-  an  incredulous  public. 

About  this  time  Doctor  Deanc,  ovidently 
brconiiiig  dissjitisticd  with  the  {msitioii  he 
ivii«  likely  lo  occupy  In  the  discussion.  Iw- 
gun  to  hiin,-iolf  publish  descriptions,  his  (irsi 
(NijM'r  appearing  in  the  American  Joiirniil 
of  Sci.'nce,  XLVI,  1X44.  wherf  he  tigtir.sl 
a  slab  some  (>  by  .S  feet  in  dimensions  con- 
taining over  7.>  impressions,     lie  did  not,  however,  attotnpt  any  scien- 
tific de.scription  ()f  the  same,  and  referri'd  lo  thetn  as  llniith'i-linit.^ 
fur,<-i,'„l,-«.  of  Hitchcoi-k. 

In  a  paper  rend  hcf<)re  the  American  Association  of  Geologists  and 
Naturalists  al,\Viisliiiitjton  in  May,  IS+4,  Doctor  Hitchcock  took  the 
suliject  lip  once  Tuore  and  ftiivc  a  brief  history  (tf  the  discovery  of  f»x)l- 
priiils  in  other  countries,  and  also  <'ertain  data  it^garding  an  earlier 
di.scovcry  than  that  of  Doctor  Deane.  n-feiTing  to  the  fact  that  in  iKoi' 
Mr.  riiny  .Moody,  of  South  Iljidlcy.  in  Massa.husetts.  had  luined  np 
with  the  plow  upon  his  father's  farm  in  that  place  a  stone  containing 
in  rcli.'f  live  tni.'ks  of  what  he.  lliichcock.  now  referred  to  as  "i-iiifh- 

"  Hnii,-  „f  th,.  Hinonii--.  till.  tAanl  bird  ■■{  New  Zfalanil,  it  sliould  W  iin-n(L.,ti,-.l. 
lirsl  •:\ t.i  (],f  iiotice  of  tli,.  wirulili,'  wi.rld  tlirvncli  the  puliii.-utionfl  of  Kidiar.1 
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iefmtteii  fill ieoid^;^.  This  same  slab  served  for  several  years  the  pur- 
pose of  a  doorstep,  and  finally  passed  into  the  possession  of  Doctor 
Hitchcock  in  1839. 

An  evident  feeling  of  jealousy  oetween  tne  two  gentlemen  most 
concerned  is  for  the  lirst  time  manifested  in  this  paper,  a  feeling 
which  apparentl}^  existed  until  the  time  of  Doctor  Deane's  death,  and 
which  caused  his  friends  to  publish  in  18()1  the  volume  entitled  Ichno- 
graphs  of  the  Sandstone  of  Connecticut  River,  a  quarto  volume  of  61 
pages  of  text  and  46  full-page  plates. 

Hitchcock  covered  the  entire  subject  up  to  the  date  of  his  reading 
this  paper  (1844),  and  described  the  fine  large  specimen  found  in  the 
impure  limestone  of  Chicopee  Falls,  in  Springfield,  under  the  name  of 
Ornithohllchnltem  redjiddU^  and  also  several  other  new  species.  The 
resemblance  of  these  to  saurian  remains  was  still  recognized,  bu^  the 
proof  was  not  regarded  as  sufficient  to  refer  them  unequivoi^ally  to 
qiuidrupeds. 

In  this  papier  Hitchcock  adopted  the  following  classification  for 
tracks  or  markings  of  various  kinds: 

Onlor  1.  PohtpodichniteHy  or  many-footed  tracks. 

OnltT  2.  TetrapodichniteXf  or  four-fcx)tetl  tracks. 

Onler  8.  Dipodichnites^  or  two-footed  tracks. 

Onler  4.  ApofUchniteM^  or  footless  tracks. 

Under  the  latter  term  he  included  certain  marks  made  by  fishes, 
mollusks,  and  annelid  worms. 

In  the  American  Journal  of  Science  for  1845,  Doctor  Deane  had  two 
papers  descriptive  of  footprints  found  by  him  and  a  part  of  which  he 
thought  to  be  undoubtedly  those  of  batrachians,  agreeing  in  this  respect 
with  Hitchcock,  as  noted  above.  In  his  second  paper  he  described 
and  figured  tracks  made  by  a  batrachian  reptile,  the  method  of  pro- 
gression of  which,  as  indicated  by  the  tracks,  was  by  kangaroo-like 
jumps,  the  fore  limbs  not  touching  the  ground.  Again,  in  1847, 
Deane  had  a  paper  dealing  not  merely  with  the  tracks,  y)ut  also  with 
the  supposed  conditions  under  which  the}"  were  formed,  the  tracks 
desc-ribed  being  in  part  those  of  birds  and  in  part  those  of  quadrupeds. 
Their  preservation  he  regarded  ^s  due  to  the  resubmergence  during 
seasons  of  flood  of  the  mud  flats  upon  w  hich  they  were  formed. 

Through  the  same  medium  and  this  same  year  Hitchcock  reverted 
once  more  to  the  subject  and  described  two  new  species  of  thick-toed 
bipeds,  the  one  renamed  lirontozoiun  (from  (>^nHthoi4]lchnitex)  Milli' 
)itaiuH)n^  xiwAthe  other  B.  jmrnllchnu.  In  connection  with  these  he 
described  a  large  and  extraordinary  track  regarded  as  that  of  a  batra- 
chian and  to  which  he  gave  the  generic  name  (Hozoum,  He  regarded 
the  ti-acks  as  having  been  preserved  })y  being  silted  in  by  the  waves  of 
spring  tides. 
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Again,  in  1H48,  Doctor  Deane  came  forward  with  a  brief  f»per  and 
figures  of  tracks  which  he  thought  might  with  propriety  l>e  rffernnl 
to  some  member  of  the  tailed  or  salamandrian  family  of  Ixitmchians. 
since  he  discovered  markings  which  seemed  to  him  a.s  proliably  due 
to  the  trailing  of  the  caudal  appendage.  In  this  same  year  Dextrr 
Marsh,  the  man  who  first  called  Doctor  Deane's  attention  to  the  f<K»t- 
prints  in  183f),  in  a  long  letter  to  the  editor  of  Silliman's  Journal. 
descri^)ed  and  figured  footprints  which  he  regarded  as  tho^e  of  a 
quadruped  and  one  that  walked  step  by  step  and  not  by  leaps. 

Previous  to  the  forties  Hitchcock  had  given  names  only  to  the 
tracks,  but  in  1845,  acting  under  the  suggestion  made  to  him  b^'  Dot- 
tor  Deane,  he  presented,  at  the  meeting  of  the  Association  of  Ameri- 
can (reologists,  a  catalogue  of  the  animals  themselves,  so  far  as  known, 
a  plan  to  which  he  adhered  and  defended  in  his  paper  in  the  Memoirs 
of  the  American  Academy  of  Art8  and  Sciences,  presented  in  1848. 
In  this  paper  he  discussed  with  his  usual  caution  the  ix>^ibilitie8  of 
identification  and  classification  from  footprints  alone,  and  while  he 
acknowledged  that  he  had  no  great  confidence  in  the  arrangement 
adopted  except  in  a  few  instances,  went  on  to  submit  the  following  list 
of  genera; 

9.  Triienopxm. 

10.  lIarped(u*UjhiH, 

11.  Ty/Hpj)i(ti. 

12.  (H(PZoH)h. 
1 H.  PalitiitojniA, 
14.  7hriinroj)Hf<, 
IT).  ^{/ta//ta'j)f/j<. 


1.  linmtozouw. 

2.  ^fCthlopiix, 

3 .  SferopeZit  a  ni . 

4.  Argozfnan, 

5.  Phttiij)irrtni, 
i\,  Orn  f'tliojnis, 

7.  PoJ*  IHdfclniH, 

S.  Ph'ctropus, 


17.  IIoplichnuH. 

1 8.  Mactt^ptmia. 

19.  Xiphofhiza. 

20.  AucyropuH, 

21.  Ift^lcura, 

22.  Ilrvpyxtizmuii, 
28.  IlarjHUjopux, 


Tuder  these  niinies  h(*  described  4i>  species,  of  which  he  regarded  12 
as  certainly  (juadrupeds:  4  probably  lizards,  2  cheloriians  or  tuitle^. 
and  G  batrachiaiis.  Two  were  annelids  or  niollusks:  3  of  doubtful 
character;  and  the  remaining  32  species  were  bipeds.  Eight  of  these 
32  he  regarded  as  bring  thick-toed  tridactylous  birds;  14  others  were 
probably  narrow-toed  tridactylous  or  tetradactylous  birds;  2  were 
])erhaps  bipedal  batrachians.  and  the  remaining  8  he  thought  might 
have  been  birds,  but  would  more  pr()l)ably  turn  out  to  Ik*  either 
lizards  or  l)atrachians. 

It  may  l)e  noted,  in  this  connection  that,  in  1845,  Dr.  Alton  King 
found  fossil  footprints  in  Carboniferous  sandstone  in  Westmoreland 
County,  Pennsylvania.  These,  though  nowknown  to  have  l>een  tracks  of 
amphibians,  were  described  ])v  King  under  the  names  of  (>rnttha'hnii»s 
(jiillinnlniflts  \\\u\  o,  <'nlhrrts(tfu ^  King  accepting  their  birdlike  origin, 
though  assuring  the  readier  that  the  **])o]>ular  error  that  these  are  tlu' 
tracks  of  wild  turkevs  needs   no  discussion."     Certain  other  t nicks 
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found  at  the  same  time  were  recognized  as  those  of  quadrupeds,  and 
wore  described  under  the  generic  name  of  SpJieropezium, 

In  the  Memoirs  of  the  American  Academy  of  Arts  and  Sciences  for 
1S49,  Deane  had  again  a  paper  on  fossil  footprints  of  the  Connecticut 
Valley,  which  he  regarded  as  in  part  those  of  birds  and  in  part  those 
of  reptiles.  These  were  described  and  figured,  but  no  attempt  at 
classification  was  made. 

Jn  1858  Hitchcock  published  his  Ichnology  of  New  England,  a 
quarto  volume  of  some  200  pages,  with  (50  plates  of  footprints  and  a 
map  of  the  Connecticut  Valley,  showing  the  distribution  of  the  Tri- 
assic  sandstone  with  its  included  tracks,  together  with  a  section  across 
the  valley  at  Springfield.  This  work  is  of  importance,  not  merely 
on  ac*count  of  the  detailed  description  of  the  tracks,  but  also  as  sum- 
ming up  the  knowledge  of  the  subject  and  the  prevailing  opinion 
regarding  the  origin  and  age  of  the  sandstone  itself.  The  sandstone, 
it  should  be  stated,  had  l>een  regarded  by  many  geologists  as  owing 
its  present  dip  to  its  having  been  deposited  upon  a  sloping  floor. 
To  this  view  Hitchcock  now  took  exception  and  could  find  no  way  of 
escaping  from  the  opinion  that  it  had  been  upheaved  since  it«  deposi- 
tion. The  age  of  the  sandstone  he  considered  to  be  undoul)tedl3' 
Jurassic.  He  discussed  in  great  detail  the  character  of  the  tracks, 
and  announced  some  thirty  characteristics  which  he  regarded  as  Imsed 
on  the  principles  of  comparative  anatomy  and  zoolog}-,  and  whi<'h  he 
thought  afforded  him  reliable  grounds  from  which  to  judge  of  the 
nature  of  an  animal  from  \\a  tracks.  He  felt  that  he  could  now  decide 
with  a  good  degree  of  confidence,  first,  whether  the  animal  making 
the  track  was  vert<»bral  or  invertebral;  second,  whether  a  bij>ed, 
quadruped,  or  multiped:  third,  to  which  of  the  four  great  classes  of 
vertebrates  it  belonged  and,  with  less  certainty,  to  what  order,  genus, 
or  species  the  animal  might  be  referred.  It  was  in  this  work  that  he 
first  proposed  the  term  LlthU^hnoztnt  (the  stony-track  animals),  to 
embrace  the  animals  whose  characters  he  descrilwd  from  their  ti*acks. 
The  classifiiiition  adopted  divided  the  animals  into  tiMi  groups;  First, 
marnupiaUfld  animals;  second,  jHwhydcu^tyloiua^  or  thick -toed  binls; 
third,  Itrptinhivtyhnis^  or  narrow-toed  birds;  fourth,  ontltlmid  lizards 
or  batrachians;  fifth,  lizardM;  sixth,  iHitravhiann;  seventh,  cheUmUtuH; 
eighth,  jinhen;  ninth,  cruHtnttanH^  myrlajunU^  and  innecUt;  and  tenth, 
itnnAiihtiu*, 

It  will  lie  noted  that  the  Brontozoum  was  still  included  under  the 
group  of  pac*hydactylous  or  thick-toed  binls. 

In  1863  we  find  Hitchcock  again  returning  to  the  subject  in  a  brief 
paper  in  the  American  Journal  of  Science  for  that  year,  in  which  he 
annoum-ed  that,  though  having  lxM»n  compelle<l  to  give  up  tc»n  or  a 
doz4>n  of  his  old  s|)ecies  of  footmarks,  he  had  described  ov(»r  thirty 
new  ones.     Further,  finding  that  an  ernir  had  been  made  as  to  the 
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number  of  phalanges  in  the  tracks  of  some  of  the  animals  classed 
as  LlthlcJuiozoa^  he  confessed  to  a  doubt  if  the  animals  heretofore 
grouped  under  this  name  should  be  classed  as  birds;  and,  as  a  general 
conclusion,  announced  that  in  fossil  footmarks  birds  could  not  be  dis- 
tinguished from  quadrupeds  by  the  number  of  phalanges.  In  this 
same  paper  he  announced  the  finding  of  tnicks  which  were  accom- 
panied by  certain  markings  which  were  evidently  made  b\'  the  tail  of 
the  animal,  such  being  particularly  characteristic  of  his  Anl^opun 
gracilis^  an  animal  the  quadrupedal  nature  of  which  had  already  been 
recognized.  The  presence  of  such  tail-like  markings  in  the  case  of 
the  Ano)n(vpus  lead  him  into  a  somewhat  lengthy  discussion  as  to  the 
affinities  of  this  animal,  whether  bird  or  reptile,  though  he  was  evi- 
dently inclined  to  regard  it  as  most  nearh'  related  to  a  lower  order  of 

birds  like  the  Arc h if- 
optenjx,  I  n  su ppo rt  of 
this,  he  appended  a  let- 
ter from  Professor 
Dana,  in  which  he  re- 
ferred to  the  general- 
ized characters  of  the 
earlv  birds. 

Here  the  matter 
would  appear  to  have 
rested  until  Mr.  Ros- 
wt»ll  Field,  a  farmer  of 
Gr(»entiold,  Massachu- 
setts, oil  whose  prop- 
crtv  the*  lirst  slal)s  were 
found,  for  the*  first 
time  in  [)rint  voiced 
Ills  own  opinions.  In 
tlu*  Americiin  Journal  of  Sci(Mi('(\  XXIX,  ls(>(),  lie  gave  brit»tly  and 
modestly  the  lesults  of  his  experience  in  collecting  and  observin»r. 
and  announced  it  as  his  opinion  that  the  verteliral  tracks  should  all  be 
ehissed  as  re{)tiIiMn.  That  the  animals  that  made  them  usually  walked 
on  two  feet  he  admitted,  l)ut  contended  that  thev  could  as  well  have 
walked  on  four  had  they  chosen.      In  j)ro<)f  of  this  he  added: 

Wt*  lin<l  tra<k>  as  perfect  as  if  made  in  plaster  or  wax  which,  to  all  ap^x'araiu-es. 
an  to  the  number  <>f  toes  and  the  j)halan*rial  tir  lateral  expansions  in  the  t<K*s,  ii^ree 
jH'rfectly  wi'll  with  those  of  livinj;  hinls,  an<l  still  we  know,  ])y  tlie  imprea'^ions  ina<le 
hy  tlieir  forwanl  feet,  that  these  fossil  tracks  were  made  by  (|na<lnij>e<is. 

In  still  othei*  cases  he  noted  traces  of  the  tails  tracking  in  the  mud. 
P^numeratintr  some  of  the  cases  in  which  the  so-called  bird  tnicks  as. 
for  instanc(\  the  Oinzmn,,,  had  been  proven  to  be  reptilian  -  he  added 
that  this  he  verily  believed  is  the  [)lace    for  them  all.     And  in  this  he 
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was  right,  but  it  was  not  until  1893  that  the  actual  l)ones  of  one  of  the 
reptiles  were  found  in  a  sufficiently  good  state  of  preservation  to  allow 
Prof.  O.  C.  Marsh  to  make  the  restoration  shown  in  tig.  123.  This 
particular  form  was  about  six  feet  in  height,  when  standing,  as  in  the 
tigure.  ''One  of  the  most  slender  and  delicate  dinosaurs  \^ot  dis- 
covered, l)eing  only  surpassed  in  this  respect  by  some  of  the  smaller, 
bird-like  forms  of  the  Jurassic."  The  creature  is  shown  in  the  figure 
in  the  position  it  is  thought  to  have  habitually  assumed.  On  a  firm 
but  moist  beach  only  three-toed  impressions  would  have  been  left  i\v 
the  hind  feet  and  the  tail  would  have  been  kept  free  from  the  ground. 
On  a  soft  muddy  shore  the  claw  of  the  fifth  digit  would  have  also  left 
it^  mark,  and  perhaps  the  tail  would  have  dragged.  When,  perhaps 
momentarily,  he  rested  on  his  fore  feet,  tracks  of  a  quite  dissimilar 
nature  would  have  resulted,  such  as  at  first  were  assumed  to  be  those 
of  an  animal  of  another  species. 

And  so  the  matter  rests. 

Dr.  James  Deane  was  born  at  Coleraine,  Massachusetts,  February 
24,  1801,  and  l>ec«me  by  profession  a  physician,  practicing  at  Green- 
field, in  the  same  State.     Eminently  successful  in  his  practice,  he 

nevertheless  found  time  for  study  and  work  in  other 
Sketch  of  Doctor        Hnes.     '^Nota  moment  was  lost  that  he  could  spare 

from  the  great  labors  of  his  profession.  Late  into 
the  night  was  his  lamp  seen  glittering  from  his  casement  *  *  * 
while  he  was  copying,  with  his  masterly  touch,  these  relics  of  an 
ancient  era"  (Bowditch).  He  is  described  as  a  man  of  few  words, 
though  of  a  genial  and  social  character*;  of  a  tall  and  conmianding 
form,  and  a  well  knit,  compact  frame;  a  man  whose  very  walk  con- 
veyed an  idea  of  strength. 
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were  being  laid  down,  and  his  mind  was  doubtlesjs  in  a  mood  to  readilv 
accept  any  promising  discoveries.  He  recognized  the  fact  that  tiie 
mere  apparent  absence  of  fossils  from  the  crystalline  lime^^tone  did  not 
seem  to  offer  any  proof  in  negation,  since  such  might  have  been  oblit- 
erated by  metamorphic  action,  and  he  referred  to  the  argunientir  of 
T.  Sterry  Hunt  in  fa\-or  of  the  possible  organic  origin  of  the  I>ed9  of 
iron  ore  and  metallic  sulphurets  in  the  older  rocks.  When,  therefore, 
these  imitative  forms  were  brought  to  his  attention,  he  candidly 
acknowledged  himself  as  being  disposed  to  look  upon  them  as  fossib). 
and,  indeed,  he  exhibited 
them  as  such  at  the  meeting 
of  the  American  Association 
for  the  Advancement  of  Sci- 
ence at  Springtield  in  185!t. 

Subsequently"     thin     sec- 
tions   prepared    from     these 
were  referred  to  Dr.  .1.   \V. 
Dawson,   of    Montreal,    who 
wa.s  regarded    as    the    most 
practiced   observer  with   the 
microscope.    To  Doctor  Daw- 
son, then,  may    be    given   a 
large  share  of  whatever  credit 
is  due  for  the  recognition  of 
the  supposed  aninial   nature 
of  this  much  disputed  body. 
The  specimens  first  oxain- 
ined   by    Dawson  were  from 
the  tnLse  of  the  .so-called  (Jren 
ville  limestone,  belonging  to 
the     highest    zones    of     the 
Ijaurcntian.  the  mass  of  tb<- 
l-ock  U'ing  comi>(>sed  of  grctit 
and    small    irregular    aggre- 
gates   of     white     crystalline 
de  of  small  s|»aces,  consisting 
liicii  showed  miimte  struitures 
The  gcnenil  chamcter  of  the 
siori   tliat  it  was  a  great  fora- 
c   masses  represented   a   uuire 
had   lieiomc   much  hniken  up 
es,  affording  a  seat  for  a  new 
V  the  calcaifous  and  serpeiitin- 
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<^iB  part.  Tbii)  in  turn  became  a^in  brokpn,  leaving  in  some  placea 
uninjured  portions  of  the  ^ncral  form. 

^  The  main  difference  between  thiu  foraminiferal  reef  and  more  recent 
coral  reefs,  he  thought  to  be,  that,  while  with  the  latter  there  are 
yjHially  associated  nmnv  shells  and  other  organic  remainf.,  in  th«  mors 
ancient  one  the  only  remains  yet  found  were  those  of  thcaninial  which 
built  the  reef. 

Dawnon  attacked  the  problem  from  the  zoologist's  standpoint.  To 
properly  understand  his  position  and  also  that  of  those  who  combated 
his  arguments,  it  must  be  remembered  that  the  science  of  niirro- 
petrography  was  then  in  its  infancy;  in  fact  the  possibilities  of  mota- 
somatosis  or  alteration  by  tndelinite  substitution  and  rcplacetiiont  were 
only  beginning  to  be  realized  by  even  the  most  advanced  of  mineralo- 
gists and  geologists.  Hence  it  was  possible  for  two  men,  attacking 
the  »ame  pi'oblem  from  opposite 
standpoints — the  one  as  a  chemist 
and  physici.st  and  the  other  as  a 
zoologist — to  arrive  at  conclu- 
sions diametrically  opposed  to 
each  other. 

The  specimens  examined,  as 
already  indicated,  were  masses 
often  st'vcral  inches  in  diameter, 
presenting  to  the  naked  eye  al- 
ternate lamina>  of  serpentine,  or 
pyroxene,  and  carlionateof  lime, 
their  general  aspwt  reminding 
one,  as  already  noted,  of  the  Silu- 
rian Hydroids  of  the  genus  Stro- 
luatopora  (see  tig.  124).  Under 
the  microM<-opc  Dawson  found 
the  lamina-  of  serpentine  and  pyroxene  to  present  no  organic  structure, 
the  pyroxene  being  highly  crystalline.  Tlie  lamina- of  carlxmatc  of 
lime,  on  the  other  band,  he  thought  retained  distinct  traces  of  struc- 
ture which  could  Ih'  considered  only  as  oi^janic,  coiwtituting  parallel 
or  concentric  [wrtitious  of  variable  thickness  inclosing  flattened  sjMices 
or  chanils-rs,  fre«tuently  crossed  by  transverse  plates  or  septa.  The 
lamina-  tbemselvt-s  were  frefjuently  cxcavateii  on  tticir  sides  intt> 
rounded  pits,  and  in  some  places  traversed  by  canals  iiikI  p<-nctnited 
by  numerous  minute  tubuli,  a  structure  which  can  Im-  Is-st  understtKH) 
by  a  reference  to  tig.  I2ii. 

According  to  the  conclusions  of  Dawson,  the  calcareous  [M>rtion  rep- 
resenteil  the  portion  of  the  original  shell,  the  ser)>entinons  matter,  on 
the  other  hand,  )s>iug  nuiterial  inliltratt-d  into  the  cavities  which  had 
been  occupied  by  sarcodc  during  the  life  of  the  animal.     He  referred 
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the  supposed  organism  to  the  group  of  Rhyzopods  of  the  order  of 
foraminifem,  and  conceived  that  during  life  they  were  set<8ile  by  a 
broad  base  and  "grew  by  the  addition  of  successive  layers  of  cham- 
bers separated  by  calcareous  lamina  but  conimuiiicating  with  each 
other  h}'  canals  or  septal  orilices  sparsely  and  irregularly  distributed." 
He  imagined,  further,  that  the  organisms  grew  in  groups  which  ulti- 
mately coalesced  and  formed  lai^  niaases  penetrated  by  deep,  irregu- 
lar canals  and  that  they  continued  to  grow  at  the  surface  while  the 
lower  parts  became  dead  and  filled  up  with  the  infiltrated  matter  or 
sediment,  assuming  the  aspect  of  a  coral  reef. 

On  account  of  their  geological  position,  he  proposed  to  designate 
the  animals  by  the  name  of  Ko^oi  >  and  these  particular  ones  by  the 
specific  name  of  canadeiee  and  in  bis  annual  address  before  tbe 
Natural  Histor}'  Soi^iety  of  Canada  for  that  year  referred  to  the  dis- 


covery as  ""onp  of  the  in-ightcst  gems  in  the  scientific  crown  of  the 
(■■•Illogical  Survey  of  t'anada.'" 

Tlie  pH|KT  by  Dawson  was  immediately  followed  by  one  by  the  well- 
known  uiicroscopi.st,  W.  H.  Car|X'ntcr,  whose  conclusions  were  in 
every  way  conliniiatory  of  those  of  Dawson.     To  quote  his  own  words; 

Tliut  tlif  KoziMiii  fiiuiw  itc  [iropi'r  plaiv  in  thi'  fora  mini  feral  Beriw,  I  nmi'i-ivi- lu 
In-  cnticliicivelv  [iroviil  liy  itc  nccoriiaiifc  with  tlic  ureal  lyi"tH  oi  that  W'rieM  in  nil  llif 
iwR'nlial  cliHrai'tciT  of  "rKani nation,  naimOy,  (he  ctriictiire  o(  the  i-hi'll  f^riniin;  ilic 
|ir"(«-r  wall  nf  tin-  cliainliiTw,  id  «-liii-h  it  rtj''^'''  |infi«'ly  with  Niiiiimiilinii  adil  if* 
alliiv;  the  |>rew:>iii'f  (-f  an  iiittTiii<.-<Jiali'  ckiilfton  anil  an  el8l>or8te  (■anal  fiyytcm.  llie 
tlifiiosilioii  of  whidi  rciiiimU  m  ni.«'t  of  (.W™rm<i;  a  nnxle  <.f  L-')mmiinicali..n  of  tli.- 
chaiiiberv  ivhcn  tlicy  iirc  iiKH't  ii)in|iMely  H>t>araleil,  wliirh  liai<  iln  rxai^t  |iarallel  in 
Ojdiu-'ll'riir:  anil  an  c.nliiiary  want  of  I'oniplctcnf'sif  r.i  H-iiaratioii  l)ftween  llic  chaiii- 
bt're,  t'omwjiondinj!  with  that  which  \»  diaractcrit^tic  of  CaTpentoTia. 
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The  chemical  and  mineniIogi<-al  side  of  the  problem  was  taken  np 
by  T.  Sterry  Hunt,  who  found  that  the  filioatP  portion,  i.  c,  the 
material  tilling  the  ehamhers,  wa«  coniposod  of  wrpi'ntine  or  pyroxene 
in  some  of  its  forms. 

It  iH  not  sui-prising  that  the  finding  of  supposed  faisil  remains  in 
rocks  no  old  as  those  of  the  Laurentian  should  have  excited  the  widest 
attention,  and  it  would  have  been  strange  indeed  had  such  conclusions 
been  allowed  to  go  iinelmllenged.  In  IStie"  there  was  read  before  the 
aanie  society  a  detailed  account  of  the  investigations  made  by  Profs. 
William  King  and  T.  H.  Kowney,  of  Queen's  l'niver.sity  in  Ireland. 
These  gentlemen,  although  claiming  to  have  had  no  misgivings  at  the 
commencement  of  their  investigations  as  to 

the  Eozoonal  origin  of  the  material,  never-        {  ,  •   '  ,• , 

theless  attacked  the  problem  from  the  phys- 
ical and  chemical  I'athcr  than  the  biological 
standpoint.  They  examined  in  great  detail 
all  of  the  stmctures  described  by  Dawson, 
though  not  havingaccesstoall  his  materials. 
Their  conclusions  were  to  the  effect  that  (1) 
the  so-called  chamlwr  casts  or  granules  of 
serpentine  were  more  or  less  simulated  bj 
minerals  like  chondroditc,  coccolite,  pargas 
ite,etc. ;  (2)thatthe ''intermediate skeleton  ' 
wa«  closely  represented  both  in  chemical 
composition  and  other  conditions  by  the 
matrix  of  these  minerals;  (3)  that  the  proper 
wall  of  Dawson  was  structurally  identical 
with  an  asbestic-form  layer  which  was  fre 
quentty  found  investing  the  grains  of  ebon 
drodite,  and  that  instead  of  belonging  to  the 

skeleton  it  was  altogether  independent  of       Thlmii^w  "luhiiii    i«n.bi,  HiVd 
that  part  and  formed  an  integral  portion  of       rwi"i<>i>'"">t  ihi  imKhinii-.i  |ic,r 
the  serpentine  constituting  a  chamber  last,       <AfierJ  «  n>ii>»n  ) 
(4)  that  the  canal  system  was  analogous  to 

the  embedded  crystallizations  of  native  silver  and  other  similarly  con- 
ditioned minerals;  and  (.^)  that  the  type  examples  of  casts  of  stolon 
passages  were  isolated  crystals  apparently  of  pyrosclerite.  Fn»Tn  these 
considerations  and  the  perhaps  even  more  important  one  that  the 
fx>zoonal  structure  was  found  only  in  metamorphic  rocks  and  never  in 
unaltered  sedimentary  deposits,  they  concluded  that  every  one  of  the 
specialties  which  had  been  diagnosed  for  the  hjiztntu  fanmhnnc  was  of 
purely  crystalline  origin. 

Such  conclusions  naturally  brought  forth  prompt  rejoinders  from 
Carpenter  and  others,  the  controversy  liecomjng  in  some  c a-ics  per- 
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sonal  and  often  not  particularly  creditable  to  those  most  interested. 
Thus  Carpenter  accused  Rowney  of  never  having  seen  any  transimrent 
sections  of  Eozoon  thin  enough  to  give  a  good  view  of  its  tubal iferous 
layer  until  he  himself  had  shown  it  to  him;  and,  further  than  that,  that 
he  had  no  practical  knowledge  of  the  structure  of  nummuline  shells  at 
best.  His  paper  in  reply  to  the  statements  of  Rowney  concluded  with 
the  remark  that  he  had  recently  had  his  attention  called  to  an  occur- 
rence of  Eozoon,  which  was  preserved  simply  in  carbonate  of  linu' 
without  any  serpentine  or  other  foreign  mineral,  and  show^ing  the 
canal  system  very  perfectly.  This  he  felt  was  a  conclusive  answer  to 
King  and  Rowney's  objection  No.  3,  to  the  effect  that  the  c^nal  system 
of  Eozoon  was  no  other  than  crystallization  of  metaxite,  an  allomor- 
phic  variety  of  serpentine. 

In  this  same  year  Ferdinand  von  Hochstetter  found  in  the  crystal- 
line Azoic  limestone  of  Krumman,  Bavaria,  structures  which,  when 
examined  by  Carpenter,  were  pronounced  b}^  him  to  be  unmistakably 
those  of  Eozoon. 

The  forms  thus  far  found  were  limited  to  the  Laurentian  rocks,  and 
were  regarded  by  both  Logan  and  Dawson  as  important  '^horizon 
markers,"  i.  e.,  as  affording  presumptive  evidence  in  favor  of  the  Lau- 
rentian age  of  all  rocks  in  which  the}^  might  occur.  The  announa^- 
ment  by  C.  W.  Giimbel  of  finding  Eozoonal  structures  in  the  Hercynian 
gneisses  of  Bavaria,  regarded  by  him  as  of  Huronian  or  Cambrian  age, 
was,  therefore,  both  disconcerting  and  encouraging  to  the  Eozoonists. 
(iumbel  himself  adopted  enthusiastically  the  conclusions  of  Carpt^ntor 
and  Dawson  as  to  the  organic  nature  of  the  forms.  **  This  discovery," 
he  wrote,  '*at  once  overturns  the  notions  hitherto  conunonlv  enter- 
tainod  with  n^giird  to  the  origin  of  the  stratified  ])rimarv  limestones. 
In  tills  discovery  we  luiil  with  joy  the  dawn  of  a  new  ejx^ch." 

In  lH(u  Sir  William  Logan  again  brought  the  matter  to  the  atten- 
tion of  the  Cieological  Society  of  London,  submitting  a  s{)ecimen  of 
Eozoon  obtained  in  the  township  of  Tudor,  Hastings  County,  Canada, 
in  which  the  serpentine  minerals  were  quite  lacking,  it  being,  in  fact, 
the  specimen  al)ove  referred  to  by  Carpenter.  This  was  examined 
and  described  by  Dawson,  wlio  thought  to  be  able  to  detect  all  the 
essential  characteristics  of  the  true  P^ozoon.  In  presenting  his  descrip- 
tion of  this  n(*Nv  find,  Dawson  took  occasion  once  more  to  challenge  the 
work  of  Messrs.  King  and  Rowney,  and  accused  them  of  making  the 
fundamental  error  of  defective  ol)servation  in  failure  to  distinguish 
between  oricanic  and  crvstalline  forms,  an  accusation  which  he  sub- 
stantiated  ( ()  by  a  long  argument  not  necessary  to  reproduce  here. 

From  this  time  on,  literature  on  both  sides  of  the  Atlantic  contains 
many  references  and  matter  more  or  less  relevant  to  the  discussion. 
By  many  of  the  best  informed  the  organic  nature  of  the  fossil  was  con- 
siderinl  to  i)e  an  open  (|uestion,  and  l)ut  few  American  geologists,  so 
far  as  I  am  aware,  ever  openly  advocated  it. 
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In  1871  Messrs.  King  and  Rowney  read  before  the  Royal  Irish  Acad- 
emy a  i>aper  on  the  geological  age  and  structure  of  the  serpentine 
marble  of  Skye,  in  which  reference  was  made  to  structures  <'losely 
simulating  those  of  the  Eozoon,  the  rock  in  this  case  being  of  Liassicr 
age,  and  the  imitative  forms  being  the  result  of  structural  and  chemical 
changes  to  which  such  siliceous  minemls  as  malacolite  and  other 
varieties  of  lime  magnesian  pyroxenes  were  characteristically  liable. 

This  paper  wa8  followed  the  same  year  bv  another  on  the  mineral 
origin  of  the  so-called  Eozoim  canadetu<€^  which  passed  in  review  all  of 
the  accunudated  evidence  both  for  and  against,  reiterating  and  empha- 
sizing many  of  the  statements  made  in  previous  papers.  They  held 
that  the  so-called  intermediate  skeleton  and  the  chamber  casts  of  the 
Ek)zoon  were  completely  paralleled  in  various  crystalline  rocks  con- 
taining pyroxene,  the  chaml)er  casts  being,  in  fact,  composed  occa- 
sionally of  loganite  and  malacolite  besides  serpentine,  a  fact  which, 
instead  of  favoring  the  organic  origin,  as  claimed,  was  to  be  held  as 
proof  of  their  having  been  produced  by  mineral  agencies. 

With  reference  to  (juml>ers  observations  regarding  the  rounded 
cylindrical  or  tuberculated  grains  of  coccolite  and  pargasite  which  he 
found  in  various  cr3'stalline  marbles  and  supjwsed  to  be  chaml)er  casts, 
they  claimed  to  have  found  upon  such  grains  crystalline  planes,  angles, 
and  edges,  "^  a  fact  clearly  proving  that  they  were  originally  simple  or 
c'ompound  crystals  that  have  undergone  external  decretion  by  chemical 
or  solvent  action.'' 

The  so-called  nummulitic  layer  they  contended  had  originated 
directly  from  closely  packed  fibrous  or  asliestiform  serpentine,  and  that 
it  occurred  in  cnicks  or  fissures  in  l)oth  the  Canadian  and  Connemara 
(Ireland)  ophite.  The  fai*t  that  the  two  superposed  asbestiform  layers 
forming  the  upjxir  and  under  proper  wall  and  their  component  aciculi 
often  passed  continuously  and  without  interruption  from  one  chaml)er 
cast  to  another,  they  argued  was  totally  incompatible  with  the  idea  of 
this  nummuline  layer  having  resulted  from  pseudopodial  tubulation. 
The  canal  system  they  found  to  be  composed  of  si»ri>entine  or  mala<*o- 
lite,  and  to  be  completely  paralleled  by  crystalline  con tigu rations  in 
the  coccolite*  marble  of  Aker  in  Sweden,  and  in  the  crevices  of  a  crystal 
of  spinel  embedded  in  a  calcite  matrix  from  Amity,  New  York. 

Finally,  they  argued  that  the  (Kcurrence  of  the  Eozoon  solely  in 
crystalline  or  metamorphosed  rocks,  and  never  in  ordinary  unaltered 
deposits  must  l>e  assumed  as  completely  demonstrating  their  purely 
mineral  origin.  The  pji[x*r  was  aggressively  argumentative  from  the 
start  and  contains  a  very  s<athing  review  of  Dawson's  work,  further 
expressing  a  willingness  to  renounce  the  controversy  altogether, 
*' fully  lielieving  that  Do^-tor  I>jiws<m  can  employ  his  time  more  us<»- 
fully  on  other  subjects  than  that  of  Eozoon." 
XAT  Jir»  1904 11 
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The  evidence,  however,  was  not  altogether  one  way,  Max  Si-hultzc, 
after  an  examination  of  a  specimen  transmitted  him  by  Oawson. 
announcing  that  ''tliere  can  be  no  serious  doubt  as  to  the  foranfi- 
nifeml  nature  of  Eozoon  canudensey  Further  evidence  against  the 
organic  nature  of  the  Eozoon  was,  however,  furnished  by  Mr.  II.  »I. 
Carter  in  1874,  in  a  letter  to  Professor  King,  and  published  in  the 
Annals  and  Magazine  of  Natural  Histor}^  of  that  year.  After  a  sonn* 
what  elaborate  comparison  of  the  stiiicture  of  £ozoon  with  that  of 
known  foraminifera,  he  wrote: 

But  in  vain  do  we  seek  in  the  s<)-calle<i  hhzo<m  caiuuleiise  for  an  unvaryinjf  |>erpen- 
(lifular  tnbuli,  the  xmr  7»<a /irmof  foraminiferal  Btnicturt*.  *  *  *  In  short,  in  vain 
do  we  hx)k  for  the  casts  of  true  foraminiferoiis  elianibers  at  all  in  the  grains  of  ser|ieii- 
tine.  They,  for  the  most  part,  are  not  Hubglobular  hut  suhprisniatie.  With  surli 
deficiencies  I  am  at  a  loss  to  conceive  how  the  80-i!alle<I  Eazotm.  raitadeuse  i-an  be 
icientified  with  foraniiniferous  structure  except  by  the  wildest  oonject^ire. 

To  the  conclusions  of  Carter,  Carpenter  took  violent  exception  and 
accused  that  gentleman  of  not  having  read  anything  that  had  Ikhmi 
written  bearing  upon  the  other  side  of  the  question;  of  having  no 
comprehensive  knowledge  of  foraminifeml  structure,  and  of  havintf 
seen  only  those  sjmiples  of  Eozoon  submitted  by  Professor  King;  and 
hence  his  imputation  to  the  effect  that  the  organic  nature  of  tlio 
Eozoon  had  no  other  basis  than  "'the  wildest  conjecture"  was  to  U* 
regarded  "'simply  as  specimens  of  a  new  method  of  language  which 
might  be  termed  CnrtrrtHr/'  He  then  went  over  once  more  certain 
disputed  points  and  concluded  by  saying: 

An  exiM'rience  of  thirty-five  years  *  *  *  h^s  jjiven  lue,  I  venture  to  think, 
some  special  aptitude  for  rtn-oj^nizinju;  orjjanic  ntmcture  when  I  pee  it;  and  I  never 
saw,  in  any  fossil  whatever,  more  distinct  evidences  (jf  orpinic  structure  than  are  to 
1h'  seen  in  these  liner  ramifications  of  the  canal  svsteni  of  P^owmmi." 

Perhaps  the  most  important  paper  on  the  subject  aft4?r  those  men- 
tioned was  that  of  Dr.  Carl  Moebius,  of  Kiel,  in  1879.  Moebius.it 
should  be  noted,  was  a  zoologist  and  microscopist.  He  claimed  t«» 
have  been  first  led  to  the  study  of  the  Eozoon  through  observations  of 
the  structure  of  a  rhv/opod  found  bv  him  in  1874  on  the  coral  reef^ 
near  Mauritius.  Sections  of  these  ofiowths  so  closelv  resenililed  tlio 
rc^pi'esentations  of  Eozoon  sections  published  that  he  resolved  to 
make  a  careful  ins cstigation  of  the  latter  for  purposes  of  com|>!iri>oii 
with  his  (\irjh  ntdr'ni  riijtJtHhKh  ml  mn  and  other  foraminifera.  Wit!' 
this  object  in  \  lew,  he  ins  t'^tJo-Jitt'd  uj)warf!  of  1*0  Eozoon  >ccti<»n-. 
which  were  plactnl  at  lii^  (li>po>al  througli  the  kindness  of  l)octoi 
(\irpent<'r.  and  many  of  which  originally  belonge^d  to  ProfesM»r 
Dawson. 

"  "  l-'or  tK'welry  tht-n-  i>  ii«»<»n  n|   ii>  all. 
IfaiiN  wiixlit  \\nl  claw  us  «>ii  the  «;alle. 
That  we  nvl  kike.'" 
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The  result  of  Moebius's  work  was  not  at  all,  presumably,  what  Car- 
IKjiitor  was  led  to  expect  or  Dawson  to  hope.     He  wrote: 

My  UmIc  waa  U>  examine  the  Eozoon  fnmi  a  Inological  |)oint  of  view.  I  coin- 
iiieiureii  it  with  the  exi>ectation  that  I  hIiouM  micceeil  in  establishiii);  it>4  organic 
orijrin  l)eyon<I  all  ilonbt,  but  factw  led  me  to  the  contrary.  When  I  saw  tirnt  the 
l»eautifulstem  syt^temH  in  Profewior  Cari>enter's  neetionn,  I  became  at  once  a  {lartiHan 
of  the  view  of  Profeg»or  I>aw8on  ami  ProfeHHor  Carpenter,  Imt  the  more  j?<KHi  sec- 
tions and  ieolateti  Hteins  I  examines!  the  mon*  doulitful  beiume  to  my  mind  the 
organic  origin  of  Koz<K>n,  until  at  last  the  moHt  magnificent  canal  syHtems  taken  alto- 
gether and  closely  compared  with  foraminiferal  sections  preached  to  me  nothing  but 
the  inorganic  character  of  Kozoon  over  an<l  over  again. 

Dawson  thereupon  l>ecame  pailicularly  indignant,  and  charact4»rized 
Moebius's  work  as  furnishing  ''only  another  illustration  of  partial  and 
imperfeet  investigation,  quite  inireliable  as  a  verdict  on  the  question 
in  hand."  He  4*lainied  that  Moebius  shoiUd  have  studied  the  fossil  /// 
x//?/  and  in  its  various  stages  of  preservation;  that  he  confounded  the 
"proper  walP'  with  the  chrysotile  veins  traversing  man}'  of  the  s|)eci- 
niens;  and  that,  further,  in  his  criticisms  he  regarded  each  structure 
.sc»imi"ately,  and  did  not  ''consider  their  ciunulative  force  when  taken 
together.''     This  cunudative  force  he  presented  as  follows: 

1.  It  (i.  e.,  FAiUHm)  cHvurs  in  certain  layers  of  widely  distribute*!  limestones,  evi- 
tiently  (»f  a<iueous  origin,  and  on  other  grounds  presumably  organic. 

2.  Iti*  general  form,  lamination,  and  chamliers  resemble  those  of  the  Silurian 
Siromnto/Htra  and  it>^  allies,  and  of  such  modem  sessile  foraminifera  as  fur/tentaria 
and  Poin/trrmu. 

.*{.  It  shows  under  the  microscofie  a  tubulated  proper  wall  similar  to  that  of  the 
nummulites,  tliough  of  even  finer  t**xture. 

4.  It  shows  also  in  the  thicker  layers  a  sit'oiidary  or  supplemental  skeleton  with 
<iinals. 

5.  The»4e  forms  ap|>ear  m<>n*  or  less  |KTfei*tly  in  h|H'4'imens  miiicrali/ANl  with  very 
different  snl»»tam-es. 

♦i.  The  »tnictun*sof  F>>zo<»n  ar«' of  such  general i7.«*<l  character  as  might  lH'ex|>ecte«l 
in  a  very  early  Protozoan. 

7.  It  has  lieen  found  in  various  parts  of  the  worhl  under  very  similar  forms,  and 
in  liedi}  approximately  of  the  same  geological  horizon. 

H.  It  may  l)e  atldeil,  though  |>erhaps  not  as  an  argument,  that  the  discovery  of 
KozcK>n  affortis  a  rational  nuxle  of  explaining  th(>  immense  development  of  lime- 
stfines  in  the  I^urentian  age:  and  on  the  other  hand  that  the  various  att4*inpts  which 
liave  lieeu  nui<le  to  ainfmnt  for  the  stnictun»s  of  Kozcxm  on  other  hy|K)thes<'s  than 
that  of  organic  origin  have  not  Ixh^'U  MatiHfact4>ry  to  chemists  or  mineralogists,  as 
iVnior  llnnt  has  ver>*  well  shown. 

Singularly  enough,  although  found  on  the  Western  Continent, 
artive  work  regaiiling  the  nature  of  the  F^)z<K>n  was  continetl  largely 
to  the  Canadians  and  Knglisli,  with  an  <M*casional  Kuro|M»an  collalKira- 
tor.  workers  in  the  rnitiMl  Statics  taking  little  part  in  the  dispute  so 
far  iis  indi<-ate<l  by  lit(*niture.  although  watching  the  cont<'st  with 
int«*re>t  and  lK»coniing  more  or  less  |mrtisan.««.  according  to  the  extent 
of  their  own  obs«»rvation>  or  the  character  of  the  evidenci*  offered. 
In   1^71  Messrs.  Burlmnk  an<l  IVrrv  made  a  studv  of  the  Kozoonal 
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linmsUmc  iicruirinK  at  t'hcllii^ifnrd,  lloiton,  iind  Itoxboro,  in  MtLs.->a 
cliusetts,  and  airived  at  tliii  conclusion  that  the  liiiiofitoiici*  wurc  not 
theniselvcw  of  a  spdiiiicntary,  but  a  vein-like  character,  and  that  con- 
Heiiiiently  the  l'k>i!oon  itself,  as  there  wcurring,  niu^t  t»e  of  niinoral 
and  not  organic  origin. 

Meantime  the  study  of  uiicro-petrogi-aphy  was  steadily  advancing,', 
and  it  was  noticeable  that  none  of  the  workern  along  thesp  newly 
developed  lines  of  research  were  disposed  to  regard  the  Vxtzoojx  as  uf 
other  than  inorganic  origin.  Prof.  T.  (i.  Bonney,  of  St.  .lobn's  Col- 
lege, Cambridge,  Hnglund,  who  in  1S76  announced  liis  opposition  to 
the  theory  of  oi^nic  origin,  in  18H4  visited  one  of  the  most  noted  of 
the  Canadian  localities  in  company  with  Doi-tor  Dawson,  and  publi.-hed 
the  results  of  his  observations  in  the  Oeol(^ic»l  Magazine  for  IsWS, 
but  contented  himself  with  describing  the  mode  of  occurrence  and 
Htructure  of  the  mass  without  committing  himself  further  as  to  its 
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i>  either  !i  reciu'd  of  an  oi'ganisni  or  a  very  peculiar 
iiidition  of  a  |)yro\cne  marble  of  Liaurcntian  age." 
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The  fact  that  the  lime-niagnesian  pyroxenes,  throu^li  a  pnK-ess  of 
eheniical  inetainor])hisni,  passed  over  into  serpentine,  and  that  many 
of  the  supposed  sareoile  ehanilx^rs  were  tilled  with  granules  of  this 
material  in  all  stages  of  this  alteration  was  from  time  to  time  noted 
l)y  Messrs.  King  and  Rowney,  Julien,  Williams,  AVadsworth,  Merrill, 
jind  others.  The  evidence  thus  presented  was,  however,  wholly  with- 
out etfect  on  Messrs.  Carpenter  and  Dawson,  who  to  the  very  last 
remained  true  to  their  convictions,  and  as  late  as  I.S95  Dawson  reviewed 
the  subject  with  seeming  thoroughness  and  announced  his  original 
opinion  as  unchanged. 

It  remained,  however,  for  J.  W.  Gregory  and  H.  J.  Johnston-Lavis, 
to  give  the  deathblow  to  the  theory'  as  late  as  1S91  and  1894.  (jregory, 
from  an  exhaustive  study  of  Dawson's  original  specimen  of  the  so-called 
Tudor  Eozoon,  arrived  at  the  conclusion  that  the  same  was  whoHv  of 
an  inorganic  nature.  After  a  careful  examination  of  all  the  slides  and 
tigures,  he  wrote: 

I  must  confess  myself  absolutely  unable  to  recognize  in  tbe  spe<'inien  any  trace  of 
the  proper  wall,  canals,  or  stolon  {mssages  which  are  claime<l  to  occur  in  Kozoon. 

The  case  against  the  organic  nature  of  the  specimen  did  not,  how- 
ever, rest  upon  negative  evidence  alone.  The  rock  was  intensely 
r leaved  and  crumpled.  The  twin  laminte  in  the  planes  of  crystalline 
<-leavage  in  the  calcite  bands  were,  however,  not  bent.  Further  than 
this,  the  l)edding  plane  could  be  traced  directly  across  the  specimen, 
traversing  the  limestone  in  the  supposed  body  cavities.  These  facts 
would  seemingly  prove  conclusively  that  the  supposed  organic  fonns 
were  not  original,  but  wholly  secondary  and  due  to  metamorphism. 

Johnston-Lavis's  later  work  was  perhaps  even  more  decisive,  since 
he  showed  that  structures  in  every  way  similar  could  l^e  produced  by 
the  action  of  heat  upon  limestone.  His  conclusions  were  based  upon 
an  examination  of  microscopic  slides  from  blocks  of  limestone  in  the 
volcanic  tuffs  of  Monte  Somma.  To  appreciate  his  evidence  it  must 
be  remembered  that  these  blocks  are  ejected  from  the  volcano  and  are 
found  embedded  in  a  tutf  consisting  largely  of  pumiceous  lava.  They 
occur  as  irregular,  angular,  or  subangular  masses  ranging  to  mon» 
than  a  cubic  meter,  though  commonly  less  than  a  <|uaiter  of  that  size. 
They  have  been  acted  upon  by  the  heat  and  va|K)rs  of  the  volcano  and 
raore  or  less  completely  metamorphosed,  giving  rise  to  various  silicate 
minerals,  including  pyroxene,  olivine,  epidote,  mica,  etc.  The  stru< - 
tun»  of  these  altered  limestones  is  entirelv  different  from  that  of  the 
unaltered  material,  and  corresix)nds  in  all  details  with  those  of  the 
original  Canadian  s^>ecimens,  in  many  cases,  on  account  of  their  fresh- 
ness, exhibiting  sonn*  of  the  pseudo-organic  structure  details — such  as 
stolon  passages — in  far  greater  |M»rfection  than  does  the  true  so-c:illed 
Eozoon. 
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It  has  hoen  noted  that  American  workers  took  comparatively  httl< 
part  in  active  research,  thoujich  it  does  not  necessarily  follow  that 
examinations  of  the  problematic  l)odies  were  not  made  sufficient  to 
enable  them  to  hold  opinions  of  their  own.  It  is  interesting,  there- 
fore, to  note  that  few  of  the  active  worker's  accepted  unhesitatinjjly 
the  ort^inic  theory,  and  many  of  them  rejected  it  entirely.  The  cdii 
sensus  of  opinion  to-day  is  so  dec^idedly  a^iinst  the  orj^iinic  nature  of 
the  lK)dy  that  it  may  be  considered  as  practically  settled,  althoujrh 
Dana,  in  the  latest  issue  of  his  Manual,  includes  a  copy  of  one  of 
Dawson's  original  figures,  and  stuns  up  the  evidence  pro  and  con 
without  prejtidice. 

There  is  apparently  no  doubt  but  that  this  simulative  form  is  due 
merely  to  a  process  of  chemical  metiunorphism,  a  process  of  indefinite 
su})stitution  and  replacement,  technically  meta^otimt<m^^  acting  upon 
rocks  which  are  granular  aggregates  of  lime-magnesian  pyroxent»s. 
with  more  or  less  calcareous  matter,  the  serpentine  being,  in  all  aises, 
secondary.  Such  an  origin  is  suggested  at  once,  even  to  the  uniniti- 
ated, by  reference  to  figures  like  that  of  Bonney\s,  on  page  ♦>44. 
Similar  structures  have,  moreover,  l>een  noted  by  various  observers 
in  rocks  which  were  unmistakablv  of  igneous  origin. 

Specialization  is,  undoubtedly,  essential  to  the  rapid  advancement  of 
knowledge,  but  there  is  danger  of  specialization  being  carried  too  far 
danger  that  the  individual,  through  insufficient  breadth  of  training  or 
through  too  close  application  to  his  own  ])articular  hobby,  may  ignore 
the  work  of  his  neighi)or  along  other  lines,  and  ])erhaps  in  tim<' 
i)ecome  so  imniune  as  to  ))e  unable  to  appreciate  that  work,  even  when 
its  (h'tails  are  laid  b<»fore  hinj. 

In  the  r(»vi(»w  of  the  Kozoon  (|uesti()n,  much  must  be  allowed  for  tin' 
gi'owth  of  science  the  gradual  increase^  in  knowledge  regarding  Ih)11i 
miiHM'al  structure  and  mineral  alteration.  Still,  one  who  jK^ruscs  the>e 
papers  can  hut  feel  that  had  Messrs.  Dawson  and  Carpenter  had  a  little 
more  knowlcMlgc  of  niiiuMalogy  they  would  havt*  been  less  dogniati«' 
in  their  assci'tions,  and  it  is  possible  that  had  Messrs.  King  and  Kow 
nev  had  more  knowledge*  of  foraminitVral  structure  thev  miirht  have 
b(»en  less  harsh  in  their  ei-iticisms. 

"  '  My  childTH'ii,'  the  «-hainelt^ni  criei^, 

(Tlioii  tirst  tlu'  cTeatiin*  found  a  t«»n^ia', ) 
'  Yoii  all  are  rij^ht  and  ail  are  wron^. 
Wlieii  next  v<ni  talk  <»f  what  vuii  view, 
Think  others  see,  as  well  as  yon. 
Nor  wonder,  if  yon  tind  that  none 
Preterm  vour  evt*sii;ld  to  hin  own.'  " 


CHAPTER  X. 

THE   LARAMIE   QUESTION. 

It  will  be  reciilled  that  Ilayden,  in  his  annual  report  for  1872, 
referred  to  the  fact  that  during  his  explorations  of  the  Tertiary  forma- 
tions alon^  the  upper  Missouri  River  in  1854-55  he  made  large  collec- 
tions of  shells  and  plants,  many  of  which  were  quite  new  to  science. 
During  the  succeeding  years  up  to  the  autumn  of  ISHO  these  explorations 
were  extended  and  large  additions  made  to  the  collections,  which  were 
descrilx^d  from  time  to  time  in  the  current  literature. 

The  shells  were  all  of  extinct  species  of  fresh-water  origin  and,  while 
they  did  not  appear  to  he  |X)sitively  characteristic  of  any  age,  were 
ri'garded  by  Meek  as  mon»  nearly  reseml)ling  Tertiary'  t>'pes  tlian 
any  other.  The  fossil  plants  w<»re  mostly  of  extinct  species  and 
regarded  by  NewlM»rrv  as  also  of  Tertiary  age,  prolmbly  Mioi-ene. 

From  evidence  of  this  kind,  accumulated  during  the  various  expe- 
ditions, Ilayden  had  announced  the  convi<*tion  that  these  Llytu'tlr 
strata,  its  he  <*alled  them,  which  had  been  found  to  (X'cupy  such  vast 
iirean  in  the  upper  Missouri  Valley  extending  far  southward,  with 
very  little  interruption,  to  New  Mexico,  and  westwanl  into  the  interior 
of  the  continent  w<»re  prolmbly  all  portions  of  one  great  group,  inter- 
rupted here  andtlu^reby  mountain  chains  or  tumcealed  by  more  modern 
dejKwits,  and  from  the  identity  of  their  fossil  flora,  all  of  Tertiary  age. 

He  then  went  on  to  state  that  his  studies  of  the  lower  coal  ^leds  at 
IWr  River  City,  Wyoming,  and  Coalville,  Ttah,  in  1S6S,  had  con- 
vinced him  that  these  particular  Iwds  w«M*e  of  Cretaceous  age,  but 
admitting  this,  he  felt,  would  Ix'  to  admit  the  Cretaceous  age  of  all 
the  t'oal  IhmIs  of  the  Northwest,  and  in  so  doing  to  ignore  the  evidem-e 
of  the  fossil  flora  altogether.  The  facts  then  at  hand,  h«»  thought, 
siHMued  rather  to  |H>int  to  tht*  conc-lusion  that  the  de|X)sition  of  all  the 
Ligniti<*  strata  U^gan  during  the  latter  |)ortion  of  the  Cretaceous 
|MTiod  and  continued  on  into  Tertiary  tinu»  without  any  markini  physi- 
ml  bnmk,  so  that  many  of  the  Creta<-eous  tyiM»s,  es|MM'ially  of  the 
vertebrata,  may  liav<»  lingere<l  on  through  the  transition  period,  even 
int4>  the  Tertiary  e|KK*h.  Ina>nnich  as  this  statement  contains  the  tirat 
satisfactory  n^-ognition  of  the  full  im|M»rtance  of  what  later  lK»came 
known  as  the  l^aramie  tpicstion,  and  inasnuich,  further,  as  the  dis- 
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cussion  brought  out  many  interesting  facts  and  opinions  relative  to 
the  proportional  value  of  the  various  kinds  of  fossil  remains  as  horizon 
markers,  the  subject  may  be  dwelt  upon  in  some  detail. 

It  is  well  to  anticipate,  however,  in  order  to  more  readil}'  understand 
what  is  to  follow,  that  Hayden  made  a  fundamental  error  in  thus 
assuming  an  ideiitit}'  of  age  for  all  the  lignite  strata.  Had  he  realized 
the  fact,  afterwards  abundantly  proven,  that  essentially  similar  condi- 
tions existed  at  various  periods  in  localities  not  widely  remote  from 
one  another,  and  which  were  productive  of  very  similar  results,  the 
so-called  ^'Laramie  question,"  as  it  is  known  to-day,  would  never  have 
arisen.  The  apparently  conflicting  character  of  the  fossil  remains  of 
plants  and  animals  was,  nevertheless,  extremely  confusing,  and  some 
discussion  and  verbal  warfare  during  the  gradual  accumulation  of  the 
necessary  data  for  the  final  settlement  of  the  problem  was  bound  to 
arise.  It  will  be  well  to  note,  further,  th^t  the  localities  from  whence 
was  derived  the  major  portion  of  the  evidence  brought  to  l>ear 
were:  Fort  Union,  Nebraska;  the  Judith  River,  on  the  upper  Missouri, 
Montana;  Coalville,  Utah;  and  Bear  River  and  Bitter  Creek,  in 
Wyoming.  Incidentally,  other  localities  in  Colorado  and  New  Mexico 
came  in  for  discussion. 

During  the  season  of  1872  I^esquereux,  Meek,  and  Cope  were  a.ssigned 
})y  Hayden  to  work  in  areas  which  seemed  to  afford  the  most  promisinjr 
opportunities  for  deciding  the  question  as  to  the  precise  iK)sition  <»f 
the  beds  in  the  geological  scale.  Their  reports  as  rendered  in  the 
annual  reports  for  1S72-7I^  were  widely  divergent  and  did  little  more 
than  to  emphasize  the  existing  confusion. 

Lesquereux  worked,  of  course,  wholly  from  a  paleobotanical  stand- 
point. He  explored  the  plant-bearing  ('retaceous  strata  of  the  Dakota 
group  and  the  valley  of  the  Saline  River,  as  well  as  the  Smoky  Hill 
Fork  of  the  Kansas  River  and  the  Liofnite  formations  of  the  Rockv 
Mountains  from  Trinidad  to  Cheyenne  and  along  the  l^nion  PaciHe 
Railroad  to  Evanston.  He  made  extensive  collections  and  studied  the 
materials  in  great  detail,  comparing  the  forms  found  with  those  from 
sundry  of  the  known  geological  horizons  in  Europe.  The  summarv 
of  his  conclusions,  as  given  in  his  own  words,  was  to  the  effect 

That  the  j?reat  Li^nitif  ^nmp  must  \)e  conHidere^l  as  a  whole  and  well-characteriztNl 
formation,  limited  at  its  base  by  the  fii(oi<lal  sandstone,  at  its  top  by  the  eon>rl'»i"i- 
erate  beds;  tliat  iiidepen<lent  from  the  Cretaceous  un<ler  it  and  from  tht»  Mioeeni* 
above  it  niir  Li«rnitie  fnrmali(»ns  represi-nt  the  American  K<M'<»ne. 

M(M'k  regarded  the  C'oah  ille  and  Hear  RivcM*  })eds  as  C'r(»ta<'e<>u>, 
but  artrtt<'(l  for  the  Hitter  Creek  IkhIs  that  the  entire  absence  ainoii*: 
the  iiivcrtehrjite  fossils  yet  found  of  /A/rv////<.s',  Scuftlufts^  Am-f/fur,  r*is, 

I^f/clioct  /'its^  Am  iHunft*  s^   ( r  (//'nf/r.s,   Amh  Hi'it^   I  iKH't^HI  IHUs^  l\,\\i\  all  of  the 
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othor  lonjic  list  of  genera  chanicteristic  of  the  Cretiiceous  certainly  left 
its  niolhhscan  fauna  with  strong  Tertiary  facies.  When,  however,  he 
canu^  to  consider  these  fossils  in  their  specific  relation  he  found  that 
all,  with  possibly  two  or  three  exceptions,  were  new  to  science  and 
(juite  diiferent  from  those  yet  found  either  at  Bear  lliver  or  Coalville, 
OI-,  indeed,  elsewhere  in  any  of  the  established  horizons.  He  felt, 
therefore,  that  he  could  scarceU'  more  than  conjecture  from  their 
specific  affinities  to  known  forms  what  the  probable  age  of  the  rocks 
might  be  in  which  they  were  found.  He,  however,  called  attention 
to  the  following  facts  relative  to  the  age  of  the  formation  as  found  at 
Bitter  Creek: 

First.  That  it  was  conformable  to  an  extensive  fresh-water  Tertiarv 
formation  above,  from  which  it  did  not  differ  materially  in  lithological 
chai'acters  except  in  its  containing  numerous  l>eds  of  coal. 

Second.  That  it  seemed  also  to  be  conformable  to  a  somewhat 
differenth'  composed  group  of  strata  below,  apparently  containing 
little,  if  any  coal,  and  believed  to  be  of  Cretaceous  age. 

Third.  That  it  showed  no  essential  difference  of  lithological  char- 
acters from  the  Cretaceous  coal-bearing  rocks  at  Bear  River  and 
Coalville. 

Fourth.  (Omitting  references  to  l^esquereux's  determinations)  that 
all  its  animal  remains  thus  far  known  were  specifically  different  from 
any  of  those  found  in  any  other  formation  of  this  region,  with  possibly 
two  or  three  exceptions. 

Fifth.  That  all  its  known  invertebrate  remains  were  mollusks,  con- 
sisting of  about  thirteen  spi»cies  and  varieties  of  marine,  brackish, 
and  fresh-water  types,  none  of  which  belonged  to  genera  peculiar  to 
the  Cretjiceous  or  any  older  rocks,  })ut  all  to  such  as  are  alike  common 
to  the  Cretaceous,  Tertiary,  and  present  epochs,  with  possibly  one 
exception. 

Sixth.  That,  on  the  other  hand,  two  or  three  of  its  species  belong 
to  sections  or  subgenera  apparently  characteristic  of  the  Eocene- 
Tertiary  of  Europe,  and  even  very  closely  allied  to  species  of  that  age 
found  in  the  Paris  Ijasin,  while  one  species  seemed  to  l>e  conspecitic 
with  and  two  congeneric  with  forms  found  in  brackish- water  l)eds  on 
the  upper  Missouri  containing  viM-tebrntc*  remains  most  nearly  allied 
to  tv]>es  hitherto  deemed  characteristic  of  the  Cretaceous. 

Seventh.  That  one  species  of  Anomia  found  in  it  is  very  similar  to 
and  jHM'haps  identical  with  a  Texas  Cretaceous  shell,  while  a  Viriparn^^ 
found  in  one  of  the  upper  beds,  is  almost  certainly  identical  with 
the  V.  (rochlforinis  of  the  fresh-water  Lignite  formations  of  the 
upj>er  Missouri,  a  formation  which  has  alwa\s  been  considered  as 
Terliarv. 
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He  .Slimmed  up  his  evidence  as  follows:  It  thus  l>ecoines  manife>t 
that  the  pjileontological  evidenee  l>earinjj^  on  th(»  (|uestion  of  the  a*:*' 
of  this  formation,  so  far  as  yet  known,  is  of  a  very  eonflietin*^*'  natur<': 
though  aside  from  the  Dinosaur  bones  (found  by  him  at  Black  Butte 
in  1872)  the  organic  remains  favor  the  conclusion  that  it  is  Tertiary. 
The  testimony  of  the  plants,  however,  on  this  point,  although  they 
doubtless  represent  what  would  be  in  Kurope  considered  its  clearly  a 
Tertiarv  flora,  is  W(»akened  ))v  the  fa<*t  that  we  alreadv  know  that 
there  is  in  Nebraska,  in  clearly  Cretaceous  rocks,  a  flora  that  was 
refei'red  by  the  highest  European  authority  to  the  Mioi*ene. 

In  the  report  for  1H78  (printed  in  1874)  Lesipiereux  returned  once 
more  to  the  subject  and  answered  more  or  less  satisfactorily'  various 
objections  which  had  been  made  to  his  previous  conclusions.  He 
referred  to  the  Eocene  (Lower  American  Eocene)  all  the  coal  strata 
of  the  Raton  Mountains;  those  of  the  Canyon  City  coal  basin;  those  of 
Colorado  Springs;  those  of  the  whole  basin  of  central  and  north  Col- 
orado extending  from  Platte  River  or  from  the  Pinery  divide  to  south 
of  Cheyenne,  including  Golden,  Marshall,  Bowlder  Valley,  Sand 
Creek,  etc.;  and  in  Wyoming,  the  Black  Butte,  Hallville,  and  R<K*k 
Spring  coal.  He  considered  as  American  l^pper  Eo<.*ene  or  l^ower 
Miocrene  the  coal  strata  of  Evanston,  and  from  identity  of  the  chai'ac- 
ters  of  the  flora,  those  6  miles  above  Spring  Canyon  near  Fort  Ellis, 
those  of  the  locality  marked  near  Yellowstone  Lake  among  basaltic 
rocks,  and  those  of  Troublesome  Creek,  Mount  lirosse,  and  Elk  Creek, 
Colorado.  The  coal  from  B(»llinghani  Bay,  in  Washington,  he  woul«l 
also  refer  to  th«*  same  horizon.  To  the  Middli*  Mioceni*  he  would 
refer  the  coal  basin  of  Carbon  and  tiiose  of  Medicine  Bow,  Point  of 
Rocks,  and  Rock  Cieck;  to  the  I'pptM'  Miocene,  the  coal  of  Elko 
Station,  Nevada. 

Concerning  the  evidence  of  invertebrates  legarding  the  Cretact*ou< 
age  of  tht^se  IhmIs.  lie  simply  riMuarks: 

I  rcjranle<l  aiwl  still  re*r«tnl  the  preHcncr  of  some  scattere<l  fniofinoiit.*-  of  CYetatv<»n.- 
shclJH  a,-^  of  little  nioinciit  in  (•omj)arison  with  the  \M*li-marke<l  iharacterHof  t!»e  tlofii. 
(•hara<'t(*rH  which  liav**  been  wludly  estahlislml  hy  a  lar^e  ininil)ei'  of  M|»e<"im»Mi> 
ol)tiiiiie<l  from  all  the  lo<-alities  referre<l  to  tlie  Li^nitic. 

Cope,  in  his  report  for  this  sjime  year,  was  inclined  to  agree  with 
Hayden  in  tiiinking  that  tiie  period  of  the  deposition  of  the  sediment^ 
of  this  Lignite  or  Fort  Tnion  group,  as  it  was  also  called,  was  one  of 
transition  from  marine  to  lacustrine  conditions  and  added: 

it  appears  inipossibli',  therelorc,  to  <lraw  the  line  satisfactorily  without  the  ai«l  nf 
|»alcont<»lo);y,  hilt  here,  while  cvnlciice  ot  interruption  is  <lcar  from  tin*  relatione  ..[ 
tin'  plants  ami  vertebrate  animals,  it  is  not  identical  in  the  two  castas,  but  <liscre{>ant. 

He  then  went  on  to  discuss  the  evid(Mice  as  ofiven  bv  the  >ari<)ii^ 
workers,  and  r(»f(Miing  to  Ijcsijiiereux  and  Newberry's  opinions,  bused 
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upon  the  flora,  to  the  effect  that  the  whole  series  of   formations  is  of 
Tertiary  a^e,  sununed  up  his  results  as  foMows: 

1  ri»^r«l  the  evidt'iitv  «U*riviMl  fnjin  the  inolhiJ^kH  in  th(»  lower  IkmIs  and  the  verte- 
brates in  the  higher  a«  eijually  conchisive  that  the  l)e<ls*  are  of  Creta^-eoui*  age.  There 
iH,  then,  no  alternative  but  to  accept  tlie  results  that  a  Tertiary  flora  was  contenij>o- 
ntneous  with  a  Cretaceous  fauna,  establishing  an  uninterrupte*!  suc<*ession  of  life 
arross  what  is  generally  reganle<i  as  one  nf  the  greatest  bn»aks  in  geological  time. 

Pnietienlly  the  same  eonchision  was  independently  arrived  at  hy 
Kin^in  his  study  of  theCireen  River  eoal  basin  in  connection  with  the 
surveys  of  the  fortieth  imnillel."     He  wrote: 

We  have,  then,  here  the  uppermost  members  of  the  Cretaceous  series  laid  down  in 
the  i>eriod  of  oceanic  sway  and  (juite  freely  charged  with  fossil  relics  of  marine  life: 
then  an  uninterrupted  passage  of  comformable  l>ecls  through  tlie  brackish  peri(Ml  up 
until  the  whole  Green  River  basin  bei'ame  a  single  sheet  of  fresli  water. 

It  will  he  seen  then  that  the  transitional  character  of  the  l)eds  was 
very  f^enerally  recognized,  the  main  point  in  dispute  from  now  on  l>eing 
that  of  their  Upper  Cretaceous  or  Lowei*  Tertiary  age. 

A.  K.  Marvine,  in  his  rejiort  for  this  year  (I.S73),  also  discussed  the 
problem,  but  somewhat  guardedly,  since  his  opportunities  for  obser- 
vation had  confessedly  l^een  somewhat  limit<Hl.  He  wrote,  after 
summarizing  the  opinions  of  others: 

It  must  I >e  supposed,  then,  that  eitlier  a  Cretaceous  fauna  extende<l  forwanl  into 
the  Kocene  peri<Ml  and  existed  contemiK)raneously. with  an  pAX*ene  flora,  nr  else 
that  a  flora  wonderfully  prophetic  of  bkx*ene  times  anticipated  its  age  and  flourisht*<l 
in  the  Cretaceous  i)erio<l  to  the  exclusion  of  all  Cretaceous  plant  forms. 

Again,  and  much  more  to  the  point,  he  wrote: 

Much  of  the  confusion  and  dis<"n^pancy  has,  in  my  opinion,  arisen  from  regarding 
<lifferent  horizons  as  one  and  tlie  same  thing.  It  must  Ik*  <listinctly  underst<H»d  that 
tliis  group  as  it. exists  east  of  the  mountains  in  Colorado ►  is  very  <liffert*nt  from,  an«l 
niiL*«t  not  l>e  cojifounded  with,  the  horizon  in  which  much  of  tlie  Utali  and  New 
Mexi<*an  lignite  occurs,  and  which  belongs  undoubtedly  to  the  Ix>wer  Cretace<»us; 
and,  further,  that  tlie  extende<l  explorations  of  Hayden  and  others  would  set»m  U* 
prove  almost  (!onclu.sively  that  the  Odonwlo  lignite  group  is  the  direct  southern 
stratigraphiiral  t»<juivalent  of  the  Fort  Union  group  of  the  upiK»r  Missouri,  whii-h  is 
i-onsidere^l  generally  to  Ik»  no  older  than  the  hk)cene,  while  Newl>erry  as.*«erti<  that  it 
is  Mio<*ene. 

To  Lesquereux's  conclusions  in  the  repoit  for  1S72,  Newlierrv,  in 
an  article  in  the  American  Journal  of  Science,  1S74,  t<K)k  exception, 
calling  in  que^stion  the  accuracy  of  many  of  his  stiitements,  and  afKrin- 
ing  that,  to  his  ^'certain  knowledge,*' a  considerable  portion  of  th<» 
flora  he  called  Eocene  was  really  Cretaceous  and  another  jKntion 
Miocene.  Further  than  that,  having  sjMMit  nearly  two  years  in  New 
Mexican  explorations,  he  felt  authorized  to  state  that  all  the  lignite 
l>eds  vet  known  in  New  Mexico  were  unmistakablv  of  Cretaceous  age. 
While,  through  lack  of  ju*(|uaintance  with  the  Colorado  localities  cited 
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])V  Losqiiereux,  he  would  not  venture  to  doubt  the  truth  of  his  assor- 
lionsrei^ardin^  the  same,  he  nevertheless  reminded  him  that:  (1)  The 
flora  of  the  Colorado  lignite  beds  had  almost  nothing  in  common  with 
that  of  the  European  Kocene,  in  his  judgment  not  a  single  j^i^cies  and 
scarcely  any  genera  ))eing  common  to  both;  (2)  that  the  tuberculated 
fucoid  (Halymenites),  considered  hy  Lesquereux  as  diagnostic  of  the 
Kocene,  was  reallv  in  New  Mexico  the  most  characteristic  fossil  of  the 
Cretaceous;  and  (3)  that,  guided  by  their  animal  remains.  Professors 
Marsh,  Meek,  Cope,  and  Stevenson  had  all  regarded  the  Colorado 
lignites  as  Tpper  Cretjiceous. 

Newberry  further  contended  that  in  the  plant  beds  which  he  had 
himself  designat^nl  as  Miocene  the  entire  aspect  of  the  floi"a  was  iden- 
tical with  the  Miocene  of  Europe,  and  contained  a  very  considerable 
number  of  well-marked  Miocene  species,  not  one  of  which  deserved  to 
be  called  Eocene.  The  lignite  plant  beds  of  New  Mexico,  which  he 
called  Cn^taceous  but  which  Lesquereux  referred  to  the  Tertiary, 
were  for  the  most  part  derived  from  the  lower  portions  of  our  Creta- 
ceous series,  and  w«M'e  overlaid  by  many  hundreds  of  feet  of  unques- 
tionable Cretaceous  strata  in  which  all  the  t}  pical  Cretaceous  forms 
were  represented. 

lie  furth(M'  announced  the  principle  that: 

In  tlu*  abseiic*'  of  any  distinctive  or  unniistakubly  EcM'ene  plantfl,  if  the  strata 
which  contain  thcni  (the  h^nit*^  <h»i)o8it>*)  shall  Ik»  found  to  inchnie  vertebrates  <ir 
njohisks  which  have  a  decidtnlly  Mesozoic  a*<iK»ct,  we  nhall  liave  to  inchide  them  in 
the  Cretaceons  svsteni. 

To  Les<|uer«Mix's  claim  that  the  testimony  of  his  250  species  of  fossil 
plants  far  out\v(»igh  that  of  the  (yVetaceous  mollusks,  he  rejoined  that 
th(*se  plants  wore  probably  all  distinct  from  European  Cretaceous  and 
Eocene  spcn-ics  and  had  little  or  no  bearing  on  the  question  in  hand, 
lie  acknowledged  it  was  not  impossible  that  the  physical  condition  of 
tin*  continent  may  have*  Imm'u  such  that  the  C/retaceous  age  faded  grad- 
uallv  into  thi»  Tertiarv,  and  that  conseciuentlv  some  forms  of  Creta- 

•  «  ft.  »■ 

ceous  lite  might  be  found  interlocking  with  those  of  Tertiary  age,  but 
of  this  he  (leman(l(»d  proof,  and  asscM'ted  that  as  yet  none  such  had 
been  found. 

J.  J.  Ste\(Mison.  meet i no-  with  these  same  l>eds  in  his  work  in  con- 
ntM'tion  with  the  Wheeler  Survey  (lis74),  j)ronoimced  in  favor  of  their 
I'pper  Crc^taeeous  age.  A^  for  the  nodos(»  fucoid  Halymenites,  he 
agreed  with  Newl)eriy  that  it  was  not  in(lieati\e  of  tlndr  Eocene  age, 
>in<'e  it  was  never  foimd  w  ith  any  but  a  Cietaeeous  fjiima.  Neither 
wa>  the  evhh'iice  of  the  hmd  plants  ae<*eptabh'  to  him,  the  mattM'iaU 
beino-  inostlv  ^iii'^le  leaver  and  in  a  ^tate  of  preservation  showinir  that 
they  had  Ix'en  bh>\Nn  t'loni  trees  giowniii  near  st  reams  or  on  the  shore. 
wlnMe   the\    were  washed    into   the  >«»a  and    heeaine  associated  with  at 
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least  one  fo.s.sil  identitieci  with  the  Cretaeeous,  and  a  few  of  which  were 
identical  with  Kuropean  s|)eeies. 

It  was  more  reasonal)le,  he  thought,  to  suppose  that  in  the  hiter 
|K)rtion  of  the  Cretaceous  period  the  climate  in  our  northwestern 
re;xion  was  like  that  of  the  Kuropean  Kocene  than  to  imagine  that  our 
Cretaceous  fauna  is  useless  for  determination  of  horizon  in  the  narrow 
>trip  east  of  the  mountains  in  Colorado,  while  acknowledging  it  to  be 
decisively  of  Cretaceous  age  in  New  Mexico,  the  rocks  being  the  same, 
but  the  leaves  being  a}>sent. 

To  Newberry's  criticisms  Lesquereux  replied '*  that  the  Cretaceous 
age  of  the  so-called  halymenites  sandstone  had  not  yet  been  proven 
and  could  not  be  decided  on  mere  affirmation;  but  that  when  Doctor 
Newberry  had  furnished  sufficient  proof  or  evidence  on  the  geological 
age  of  the  lignites  of  New  Mexico  he  was  prepared  to  accept  his  deci 
sion.  The  cjuoted  opinions  of  Marsh,  Cope,  and  Stevenson  he  claimed 
were  based  on  insufficient  evidence.  All  the  relocated  assertions  of 
the  finding  of  fossil  shells  and  bones  of  Cretaceous  age  in  the  4ignites 
of  Colorado,  when  carefully  sifted  down,  reduced  themselves  to  the 
finding  of  a  single  badly-preserved  specin^ien  of  [noarainu^. 

He  asserted  that  the  lignitic  fomiation,  having  positiveh'  a  pre- 
pondemnce  of  land  plants  over  marine  animals,  in  other  words,  l>eing 
composed  wholly  of  detritus  from  the  land  or  a  lami  format im^  as  he 
styled  it,  the  evideni^e  presented  b}'  the  fossil  plants  should  outweigh 
in  importance  that  of  some  Cretaceous  animal  remains,  whose  presence 
could  be  considered  as  of  casual  occurrence.  Cope's  conclusions,  he 
argued,  did  not  in  the  least  interfere  with  his  own,  simply  proving  the 
noncoincidence  of  animal  and  vegetable  types  in  certain  formations, 
but  if,  he*  added: 

Tertiary  and  Cretaceous  faiina.s  are  rejjarded  as  contemporaneous,  even  inhabiting 
the  same  repositories,  we  may  more  easily  lulmit  that  a  Cretaceous  fauna  and  Ter- 
tiarv'  flora  have  sometimes  succ(^e<led  each  other  in  alt^rnatinj^  strata. 

Lesquereux  further  contended  that  the  specimens  on  which  Doctor 
Newberry  had  relied  to  substantiate  the  sum  of  the  opinions  he 
advanced  had  become  mixed  and  had,  in  reality,  come  from  different 
localities  and  represented  different  horizons. 

In  his  report  for  1874  (letter  of  transmittal  written  in  ()ctol>er, 
1S75)  Hayden  took  up  the  matter  once  more,  with  particular  reference 
to  the  results  of  investigations  in  Colonido.  These  he  felt  warmnted 
him  in  drawing  the  following  conclusions: 

First.  That  through  the  upper  portion  of  the  Fox  Hill  group  (Cre- 
taceous) there  are  clear  proofs  of  a  radical  physical  change,  usually 
with  no  break  in  the  se<|uence  of  time.     In  this  portion  of  the  group 
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are  well-nuirked  C'retaceous  fossils  of  purely  iimrine  types  and  no 
others. 

Second.  That  above  the  Fox  Hill  jrroup  there  are  about  *2iH>  feet  of 
}>arren  beds,  which  niijicht  be  reg-arded  as  Iwdsof  passage  to  the  ligiiitic 
group  and  which  more  projK»rly  belong  with  the  Fox  Hill  grou[)  l>elow. 
In  this  group  of  transition  beds  all  trace  of  the  abundant  invertebrute 
life  of  the  great  Cretaceous  series  l)elow  has  disappeared. 

Third,  in  almost  all  cases  he  found,  at  the  base  of  the  true  Lignitic 
group,  a  bed  of  sandstone  in  which  the  first  deciduous  lenves  pecidiar 
to  the  group  (xcur.  No  purely  marine  mollusks  pass  above  this  hori- 
zon. Kstuary  or  brackish-water  shells  are  foun^l  in  many  localities  in 
great  abundance,  but  these  soon  disappear  and  are  succeeded  farther 
north  by  fossils  of  purely  fresh-water  origin.     He  added: 

Whatever  view  \vv  may  take  in  rej^rd  ti)  the  age  of  the  Lignitic  group,  we  may 
certainly  claim  that  it  forms  t»ne  of  the  time  })oundarie8  in  the  geologi(*al  history  of 
our  wi*stern  continent.  It  may  matter  little  whether  we  (^11  it  Upper  Cretaceous  «ir 
liower  Kocene,  so  far  as  the  physical  n^ult  is  concerne<l.  We  kuow  that  it  plays  an 
iiniN»rtant  and,  to  a  certain  extent,  an  in(le|)en(lent  |iart  in  the  physical  I  hintory  nf 
tlie  growth  of  the  contintMit.  Kven  tlie  vert-ebrate  paleontologists,  who  pnmoumr 
with  great  positiveness  the  (>retaceons  age  of  the  Lignite  group,  do  not  claim  that  a 
single  species  of  vertebrate  animals  passes  above  the  horizon  I  havedetine<l  from  tfie 
well-marked  ("retaceons  group  l)elow. 

Peal(»,  in  his  rei)ort  for  that  year,  threw  a  ray  of  light  upon  the  sub- 
ject by  suggesting  that  the  reason  of  the  difference  of  opinion  as  to  the 
age  of  the  disputed  ))eds  might  Ik»  the  existence  of  two  sets  of  lignitr- 
bearing  beds  close  together,  one  belonging  to  the  horizon  of  the  Fox 
Hill  beds  of  the  Cretaceous,  or  possi})ly  a  little  above  it,  and  the  other 
belonging  to  tiie  horizon  of  the  Fort  Union  group  (I^)wer  P^)cene). 
He  incidentally  called  up  the  (|uestion  relative  to  the  value  of  different 
types  of  fossils  as  criteria  in  det<M'mining  the  prectise  geological  horizon. 

He  sununed  uj)  his  own  conclusions  as  follows: 

First.  Phc  lignite-hearing  In'ds  east  of  the  mountains  in  Colorado  are  the  etpiiva- 
Icnt  of  the  Fort  Fiiioii  group  of  the  upper  Missonri,  and  are  Kocene -Tertiary;  alni, 
that  the  lower  part  of  the  group,  at  least  at  the  locality  two  hundre<l  miles  ea^t  of  the 
mountains,  is  the  eipiivalent  of  a  part  of  the  Lignitic  strata  of  Wyoming. 

Second.  The  .Tn<iitli  River  ImmIs  have  their  e<|uivalent  along  the  eastern  e<ige  of 
the  mountains  helow  the  Lignite  or  Fort  Cnion  group,  and  also  in  Wyoming,  ami 
arc  Cretaceous,  although  of  a  higher  horizon  than  the  coal-l)earing  strata  of  (Vialvillc 
and  H<ar  River.  Ltali.  They  forui  (Mth»'r  the  upper  part  <)f  the  Fox  Hill  gn>up«»r 
a  grou|»  callc<l  **  NuniU'r  Six." 

In  his  jinniiai  r<'p()rt  to  Ihiyden  for  tiie  same*  y(»ar  (1S74,  printed  in 
isT.')),  Les(|uereii\  went  over  all  the  oround  once  mon\  showing  to  hi^ 
own  satisfaction,  j>icsiMnal)ly.  the  conciiisiv*'  character  of  the  evidence 
(dl'eriMl  hy  t'ossjl  plant  rcniains,  and  announced  again  his  conviction  lo 
the  etiect  that  the  authority  of  animal  remains  should  1k»  un<|Uestioncd 
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s(»  far  as  it  relates  to  marine  formations,  hut  when  land  formations  are 
eonsidered,  the  plant  remains  should  he  ^iven  i)reeedence/' 

Meanwhile,  Dr.  C.  A.  White,  paleontologist,  hecame  ronneeted  with 
the  llayden  surv(\v,  hein<r  assigned  for  his  first  season's  work  (1S77) 
to  the  area  of  northwestern  Colorado.  In  this  connection  he  came 
<|uickly  in  contact  with  the  prohlem  we  have  heen  discussing,  and 
early  committed  himself  in  favor  of  the  post -Cretaceous  age  of  the 
heds  in  (juestion. 

II(»  argued  that  it  was  a  well-known  fact  that  the  evolutional  advance 
of  the  veg(»tahle  kingdom  had  l)een  greater  on  this  continent  than  in 
Europe.  Hence,  a  student  of  the  flora  of  the  American  strata,  using 
a  series  of  Kuropean  standards,  would  naturally  refer  those  which  he 
found  to  t'ontain  certain  v(»getjihle  forms  to  the  Tertiary  period,  while* 
the  associatt^d  or  superimposed  remains  of  animal  life  might  all  show 
them  to  l>e  of  Cretm^eoiis  age,  according  to  the  same  series  of  Euro- 
l)ean  standards. 

Taking  into  consideration  the  fact  that  the  physical  (changes  which 
t<M)k  plac(»  in  west(*rn  North  America  during  the  Mesozoic  and 
Cenozoic  periods  were  very  gradual  and  without  any  important  l)reak, 
he  would  l>c  led  to  expect  to  find  those  animals,  whose  existence  was 
not  necessarily  affected  h}^  a  change  from  a  saline  to  a  fresh  condition 
of  the  waters,  to  have  propagated  their  respective  ty|:)es  beyond  the 
period  which  those  tyj3es  in  their  culmination  distinctly  characterized. 
For  this  reason  he  felt  that  these  perpetuated  typi^s  did  not  neces$arih' 
prove  the  Cretaceous  age  of  the  strata,  they  being  evidently  the  last 
of  their  kind,  and  becjiuse,  moreover,  all  the  other  known  fossil 
remains  of  the  group  indicated  a  later  period.  He  would,  therefore, 
n»fer  the  beds,  which  had  now,  according  to  an  agreement  between 
King  and  Hayden,  become  known  as  the  Larnnuc^  to  a  post-Cretaceous 
age. 

Referring  again  to  the  matUM*  in  his  report  for  l.s77,  \Vhit«  conced«'d 
that  Cretaceous  types  (dinosaurs)  of  vertebrate  animals  were  found  in 
the  higher  strata  of  the  Laramie  group  and  did  not  question  the  cor- 
rectness of  referring  the  plant  remains  even  of  the  very  lowest  beds 
to  the  Tertiary;  noting  also  that  the  invertebrate  fossils  were  indeci- 
sive, since  the  species  were  new  to  science  and  could  not  be  safely 
compared  with  those  found  elsewhere.  Without  connnitting  himself, 
he  then  otfered  a  suggestion  in  effect  as  follows:  Since  none  of  th(» 
American  Cretaceous  could  l>e  considered  jis  equivalent  to  the  Lower 
Cretaceous  of  other  parts  of  the  world,  but  must  be  considered  as 


''Marsh,  it  may  l>e  note<!  incidentally,  in  1877,  in  discusninj^  tlu*  pmMcni  of  tin* 
l»oiin<lary  l)etween  the  ( Ypta<-enus  and  TiTtiary,  announctMl  that  in  his  opinion  thr 
evidence  of  the  ninneroUH  vertebrate  remains  was  <leeisive  in  lavor  of  the  C'retaceiins 
view. 
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Upper  Cretaceous,  tliese  Laramie  rooks  which,  if  Cretaceous  at  all. 
were  certainly  at  the  very  top  of  the  Upper  Cretaceous,  raiLst  repre- 
sent a  great  and  iiiiportjint  jwriod  wlioUy  unrepresented  in  any  otluM' 
part  of  the  world. 

Further,  the  finding  of  evidence  of  an  abundant  mammalian  life 
(Tertiary)  immediately  following  the  Laramie  period,  which  in  its«*lf 
contained  only  Cretaceous  vertebrate  remains  (dinosaurs),  suggested 
to  him  a  sudden  ushering  in  of  the  Tertiary  types  which  could  he 
accounted  for  only  on  the  supposition  that  such  originated  elsewhere, 
and  were  contemporaneously  in  existence  with  the  Cretaceous  forms, 
i.  e.,  prior  to  the  close  of  the  Laramie  period.  Their  apparent  sudden 
appeamnce  coukl  then  be  accounted  for  on  the  supposition  that  the 
physical  barrier  was  removed  hy  some  of  the  various  earth  movements 
connected  with  the  evolution  of  the  continent. 

To  these  same  opinions  he  held  in  his  report  for  1878,  adding  that, 
if  the  conclusions  of  all  the  leading  paleontologists  regarding  the 
Eocene-Tertiary  age  of  the  Wasatch,  Green  River,  and  Bridger  groups 
be  accepted,  ''  then  is  there  additional  evidence  of  the  correctness  of 
the  view  that  the  Laramie  is  a  transitional  group  between  the  Creta- 
ceous and  Tertiary,  partaking  of  the  faunal  characteristics  of  })oth 
periods.'' 

Hayden,  in  his  report  for  this  year  (187S),  argued  that  the  Fort 
Union  beds  of  tljc  upper  Missouri  River  are  the  equivalent  of  the 
Lignitic  formation,  as  it  exists  along  the  base  of  the  Rocky  Mountains 
in  Colorado,  and  of  the  Bitter  Creek  series  west  of  the  nKmntains: 
also  that  it  was  ])ro))af)le  that  the  brackish-wat«r  beds  on  the  UpjxT 
Missouri  must  he  corrolated  with  the  Laramie,  and  that  the  Wasatch 
grou]),  as  now  derinod,  and  the  Fort  Union  group  are  identical  as  a 
whole,  or  in  ])art,  at  least. 

In  his  report  on  the  systematica  geology  of  the  Fortieth  Parallel 
Survey  (iSTS),  King  again  attacked!  the  advocat(\s  of  the  Eocene  age  of 
these  beds,  lie  reviewed  tiu*  evidence  and  announced  his  convictions 
as  l)cfore,  in  favor  of  their  being  Cretaceous. 

lie  agreed  with  Hayden  in  regarding  the  Laramie  and  underlyinif 
Fox  Hill  asstrictlv  conformable,  ))ut  found  a  verv  decided  u  neon  forma- 
bility  between  tiie  uppermost  Laramie  containing  the  dinosaur  remains 
and  the  immediately  overlying  rocks  of  the  Vermilion  Creek  group, 
which  carried  manunalian  remains.  The  unconformitv  here  mentiontMl 
for  the  Hrst  time  is.  with  the  <'xcei)ti()n  of  the  suggestion  made  l>y  Pealc. 
})erhjipsthe  iiiosi  important  feature  yet  introduced  into  the  discussion, 
and  it  is  prohahle,  as  eix^w  here  suggested  hy  King,  that  had  IIav«len 
s«MMi  this  locality  earlier,  the  (pic^stion  as  to  the  exact  position  of  tin* 
Laramie  heds  mit^ht  ne\er  haxi^  arisen. 
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His  conclusions,  its  sunniied  up  in  his  recapitulation  of  the  Mesozoic, 
are  as  follows: 

Tilt*  l>ardmie,  by  its  own  verU'brate  n^mairiH,  in  jirovtHl  to  Ix*  unmistakably  Cre- 
taceous an<l  tlie  la^t  (leiM)sit  of  that  ajre,  an<l  it  fontains  no  exclusively  fresh-water 
lift'.  It«  plants  resenibli'  EurojH^an  Tertiary,  but  its  Dinosaurs  are  conclusive  of 
C'reta<*eous  jige.  It  was  the  last  of  the  confonnable  marine  depoeita  of  middle 
America.  \t8  latest  pericwi  of  sedimentation  was  immeiliatt»ly  followe<i  by  an  ener- 
getic orographic  ilisturbance,  which  close<l  the  Mesozoic  age.  In  that  orographic 
action  the  inter-American  ocean  was  obliterated  and  the  Cretat^eous  locally  thrown 
into  great  and  steep  folds.  The  following  deposits  over  the  Green  River  area  were 
fresh-water  lacustrine  lowest  Eocene  strata,  lain  down  nonconformablv  with  the 
(/retaceous,  exci*j)t  in  accidental  localities. 

In  18S5  the  problem  was  taken  up  hv  L.  F.  Ward  in  an  exhaustive 
l)a}^>er  on  the  Flora  of  the  Laramie  (irroup.  This,  although  destruc- 
tive in  its  criticism  rather  than  decisive,  neverthele.ss  contained  many 
important  suggestions.  After  a  summary  of  opinions  held  by  pre- 
vioiLs  workers,  he  wrote: 

Taking  all  tht'se  fa<"ts  into  consideration,  therefore,  I  do  not  hesitate  to  say  that  the 
Ijarainie  flora  as  closely  n*sembles  the  Senonian  ( ( 'retaceous )  tiora  a**  it  does  either  the 
Fi<K'ene  or  the  .Micwene  flora,  but  I  would  insist  that  this  does  not  necessarily  prove 
either  the  Cretace^ms  age  of  the  I^ramie  group  or  its  simultaneous  deiHisit  with  any 
of  the  I'pper  ('retaceous  IhhIs.  The  laws  of  variation  and  geographical  distribution 
forbid  us  to  make  any  such  sweeping  de<luctions.  With  reganl  to  the  first  |)oint,  it 
is  wholly  inunaterial  whether  we  call  the  I^ramie  Cretaceous  or  Tertiary,  so  long  as 
we  <*orrectly  un<lerstan<l  its  relations  to  the  l)eds  alx>veand  Inflow  it.  We  know  that 
the  strata  innne<liately  l>eneath  are  rcH'ognized  Tpper  Cretaceous,  and  we  e<|ually 
know  that  the  strata  aln^ve  are  rec<>gnized  Ivower  Tertiary.  Whether  the  first  inter- 
mediate ileposit  Ik*  known  at*  Oetace^us  or  Tertiary  is,  tlierefore,  merely  a  question 
of  name,  and  its  decision  one  way  or  anotlier  can  not  a<lvance  our  knowledge  in  the 
least. 

In  this,  it  will  be  noted,  he  followed  closely  the  opinions  already 
expressed  by  Hayden. 

Other  statements  of  Ward's  in  this  connection  are  worthy  of  consid- 
oration.  He  pointed  out  that  there  was  no  probability  that  the  condi- 
tions existing  during  the  Laramie  deposition  would  be  ever  exactly 
i*eproduc^d  elsewhere,  and  hence  the  chances  were  as  intinity  to  one 
against  the  existence  of  other  beds  that  should  contain  an  invertebrate 
fauna  identical  with  that  of  the  I^ramie  group.  Further  than  this, 
he  regarded  the  law  laid  down  })v  paleontologists  that  the  same  epo<»hs 
in  geologic  tinie  prcxluced  the  same  living  forms,  as  cjuite  contrary  to 
the  now  well-established  principles  of  geographical  distribution. 

Amidst  all  this  confusion  and  conflict  of  opinion,  the  fact  was  becom- 
ing more  and  more  apparent  that  under  the  term  Ijiramte  had  l^)een 
included  F>eds  belonging  to  various  but  not  widely  separated  horizons. 
King  and  Hayden,  it  will  be  recalled,  had  IwdievtMi  it  to  contain  all  the 
coal  beds  of  the  region  in  which  it  occurs  and  to  be  sharply  cir«um- 
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scribed  both  above  and  below,  the  main  \x)\nt  in  dispute  being  whether 
it  should  ^)e  relegated  to  the  Cretaceous  or  the  Tertiary.  As  time  went 
on,  but  particularly  after  the  organization  of  the  present  survey,  more 
careful  and  detailed  work  became  possible.  The  Ifear  River  l)eds  were 
shown  by  Drs.  C.  A.  White  and  T.  W.  Stunton,  in  181U,  to  h)elong  to 
the  marine  Cretaceous;  the  upper  portion  in  Colorado  and  \Vyomiii«r 
was  found  by  Cross,  Hills,  and  Weed  to  be  out  of  harmony  with  that 
l)eneath,  and  was  relegated  to  the  Eocene-Tei-tiar>';  the  Laramie  proi>er 
becoming  more  and  more  restricted  as  the  work  of  dilTerentiatioii 
went  on. 

In  I81i7  Drs.  F.  H.  Knowlton  and  T.  W.  Stanton,  the  one  a  pale<»- 
botanist  and  the  other  a  paleontologist,  together  made  a  personal 
inspection  of  many  of  the  important  localities,  and,  after  passing  the 
evidence  in  review,  concluded  that  the  so-called  Cemtops  Vieds  of 
Converse  County,  Wyoming,  should  be  referred  to  the  Laramie  group: 
that  the  coal-bearing  series  of  the  I^ramie  Plains  is  older  than  the 
^'true'"  Laramie,  and,  instead  of  conformabl}'  overlying  the  Fox  Hills 
group,  is  itself  overlain  by  it. 

The  Bitter  Creek  and  Black  Buttes  beds  the}'^  considered  as  l>elonjj- 
ing  to  the  ^Hrue''  Laramie,  and  also  those  of  Crow  Creek,  Colorado, 
while  those  of  Point  of  Rocks,  in  the  Bitter  Creek  Valley,  were  regarded 
as  Cretaceous  (Montana).  The  base  of  the  Laran)ie  (after  a  review  <>f 
the  opinions  of  Hat<*her,  Hills,  King,  and  Hayden)  the}'  would  place 
'•immediately  above  the  highest  marine  Cretaceous  teds  of  the  R<Hky 
Mountain  region,"  the  top  being  marked  by  the  Fort  Union  beds.  In 
other  words,  the  Fort  Union  beds  are  now  regarded  as  Eocene  and  the 
lower-lying  as  Laramie  Cretaceous. 

Both  thes(»  workers,  it  is  well  to  note,  conformed  to  the  generally 
received  opinion  that  *' marine  invertebrates  (fossils)  are  more  aceu- 
ratc*  and  definite  horizon  markers  than  either  plants  or  nomuarine 
iinertebrates,  })ecHuse  th(»y  have  a  h»ss  extended  vertical  and  a  bn^uler 
geographic  distribution.'** 

().  C.  Marsh,  the  reader  will  ptM-haps  remember,  had  in  IsiM 
aimounced  the  general  principle  that  all  fonns  of  animal  life  are  <»f 
value  as  horizon  maikers  '* mainly  according  to  the  perfection  of  their 
organization  or  zoological  rank.''  Following  out  this  principle,  he 
regarded  plants  as  unsatisfactory  witnesses,  invertebrates  as  much 
better,  and  vert(*brates  as  the  best  of  all.  as  offering  ''reliable  evident* 
of  climatic  and  other  ireoloiiical  chan*res.'' 


CHAPTER  XT. 

THE   TACONIC  QUESTION. 

*'  Now,  who  shall  arbitrate?? 

Ten  men  love  what  I  hate, 
Shun  what  I  follow,  slight  what  1  rei-eive; 

Ten,  who  in  ears  and  eyes, 
Match  me;  we  all  surmise, 

They,  this  thing,  and  I,  that; 
Whom  shall  mv  soul  believe?" 

It  is  presumably  sciircely  necessai'y  U)  call  attention  to  the  fact  that 
the  older  rocks  of  the  earth's  crust  are  exposed,  in  a  majority  of  ceases, 
only  where  this  crust  has  been  disturbed  through  such  folding  and 
faulting  as  is  incidental  to  mountain  making.  As  a  result  of  such 
processes  these  older  rocks  are,  in  the  main,  considerably  altered  and 
their  origin  as  well  as  geological  age  at  times  quite  indeterminable. 

The  attempt  to  fix  the  base  of  the  Paleozoic  strata  or,  in  other 
words,  to  find  a  line  of  demarkation  and  division  between  the  non- 
fossil-bearing  and  the  most  ancient  members  of  the  overlying  fossilif- 
orous  strata  has,  therefore,  proven  a  matter  of  the  greatest  difficulty 
lx>th  in  America  and  abroad.  In  (ireat  Britain  and  on  the  Continent 
manifestation  of  this  is  found  in  the  voluminous  literature  relating  to 
Sedgwick's  Cambrian  and  Murchison's  Silurian  systems.  In  America 
a  similar  controversy  was  contemporaneousl}'  waged,  which  has  come 
down  to  history  under  the  name  of  the  Taconic  question. 

In  his  report  on  the  second  geological  district  of  New  York,  pub- 
lished in  1842,  Ebenezer  Emmons  gave  his  first  detailed  account  of  the 
Taconic  system.  A  review  of  the  subject  may  well,  therefore,  l>egin 
with  this  paper,  though  an  occasional  earlier  reference  may  be 
necessary. 

In  his  report  for  1838  Kmmons  had  stated  that  the  Potsdam  sand- 
stone was  the  oldest  sedimentary  rock  occurring  in  the  vicinity  of 
Potsdam  (New  York)  and  that  no  rock  intervened  between  it  and  the 
primary.  In  this  opinion,  to  which  he  ever  afterwards  lidhered,  he 
was  (|uite  correct.  Overlying  the  Potsdam  sandstone  and  always  in 
the  same  order  he  found  the  Calciferous  sandrock,  the  Chazv,  Bird's- 
eye,  and  Trenton  limestones,  the  Ttica  and  Hudson  River  slates,  etc. 

An  examination  of  the  countrv  at  the  foot  of  the  Hoosac  Mountains 
in  western  Massachusetts  showed  what  appeared  to  him  an  entirely  dif- 
ferent series  resting,  like  the  Potsdam,  directly  upon  the  gneiss,  but  in 
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whk'h  none  of  the  rocks  of  the  previous  seriew  appeared.     This  seriej* 
was  de8erit«!d  in  his  own  words  as  below,  the  order  of  sup<^-rposition 


»iiirli  till'  IViidel 
inyt'iisi  and  the  ngbt 
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1.  A  coarst'  granular  limestone  of  various  colors  which  I  have  denominated  the 
SfiM'L'in-ltiijt'  /inifjitanc,  takinj^  its  name  from  a  well-known  locality,  one  which  has  fur- 
ninlied  the  <liffert»nt  parts  of  the  Tnion  a  large  iM)rtion  of  the  white  and  cloudeil 
marbles  which  have  been  ho  extensively  employeii  for  building  and  other  purposes 
in  construction. 

2.  (iranular  tfiuirtz  rock,  generally  tine  grained,  in  firm,  tough,  crystalline  masses 
of  a  brown  color,  but  sometimes  white,  granular,  and  friable. 

'.\.  Slate,  which  for  distinction  I  have  denominated  Maijnettiini  Mate,  innu  it«  con- 
taining magnesia,  a  fa<'t  which  is  ilistinctly  indicated  by  the  soft  feel  j>eculiar  to  ro<'ks 
when  this  earth  forms  a  constituent  part. 

4.  S|>arry  limestone,  generally  known  as  the  Spttmj  limertM-k. 

5.  A  slate,  which  I  have  nanied  Taronic  alate,  and  which  is  found  at  the  western 
liase  of  the  Taconic  range.  It  lies  adjacent  to  the  Ix>rrain  or  Hudson  River  shales, 
somt'  varieties  of  which  it  resend)les.  In  compi>8ition  it  contains  more  alumina  and 
less  magnesia  than  the  magnesian  slates. 

The  series  occupied  an  area  extending  from  the  Hoosac  Mountains 
we>itward,  passing  over  the  Hoosac  Valley,  Saddle  Mountain,  and  also 
over  the  high  ridge  of  granular  quartz  known  as  Oak  Hill,  just  north 
of  the  Williamstown  Plain,  the  Taconic  Mountains  next  west  of  the 
Massachusetts  boundary,  and  the  ea.stern  border  of  New  York  west  of 
this  boundary  to  the  Hudson. 

To  this  series,  which  Emmons  conceived  to  be  older  than  the  Pots- 
dam, he  proposed  in  1H41  to  give  the  name  Taconic,  after  the  Taconic 


Fi<i.  131. — Section  of  Ta(x>nic  Rocl».  A,  Primiiry  schLsta;  1,  granular  quartz,  or  brown  and  white 
sandstone;  2,  2,  Stockbridge  llmeslone;  3, 3.  raH|rne»*inn  slate:  4,  SpaiT>'liine>itone;  5,  Tdconic  slate; 
6.  ror>fin|f  slate;  7,  rough  coarse  siliceous  beds;  8,  flinty  slate;  9,  Hudson  River  shales.  (After  E. 
Kmmons.) 

range,  elevating  it  to  the  dignity  of  a  system.  His  persistent  advocacy 
of  the  actuality  of  this  system  gave  rise  to  a  controversy  Extending 
over  more  than  half  a  century  and  equaled  by  none  in  the  annals  of 
American  geology,  not  exceeded  even  by  the  Eozoon  question  noted 
elsewhere.  Unmoved  bv  argument,  to  the  dav  of  his  death  Emmons 
adhered  faithfully  to  his  "^system,''  although  from  the  very  tirst  he 
noted  its  most  inherent  weakness— that  in  no  case  had  the  Potsdam 
sandstone  been  foiind  resting  upon  any  of  its  members.  That  this 
system  was  actually  an  older,  lower-lying  series  was  indicated  only  by 
the  fact  that  neither  were  anv  of  its  members  found  intercalated  with 
the  overlying  series,  which  always  occupied  the  position  and  relation- 
ship given  above. 

It  must  be  remarked,  ])v  way  of  preliminary  explanation,  however, 
that  the  region,  as  shown  by  subse<|uent  studies,  is  one  where  fault- 
ing, folding,  erosion,  and  metamorphism  have  prevailed  to  an  extent 
then  undreamed  of,  and  where,  as  a  consequence,  all  natural  criteria 
had  become  so  obscured  as  to  make  a  prompt  solution  of  the  problem 
impossible.     The  science  of  jrcology  grows  through  cumulative  evi- 
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denee.     The  greatest   minds  and  the  most  acute  of  observers  were 
lx)und,  by  the  then  existing  condition  of  knowledge,  to  make  incom- 
plete observations  and  faulty  deductions. 
The  original  section,  as  noted,  was  some  fifteen  miles  in  length. 
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Tli«^  rocks  wi*ic  all  proiioiiiiciMl  as  unfossilifcious  and  dipped  through- 
out to  the  eastward,  tlieii'  I'elative  ages  being  judged  wholly  by  sujwr- 
position,  the  Stork lni(lir<»  lime-itoiie,  when*  it  rested  inuncHlijiteiy  upon 
the  tfiieiss,  lM»iui»'  I'ejjarihMl  as  tin*  oldest  of  the  seri(*s. 
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The  fiiMt  announcement  of  this  (conclusion  appears  to  have  been 
made  at  the  Philadelphia  meeting  of  the  American  Association  of 
(ieologists  and  Natumlists,  held  in  April,  1841.  Unfortunately 
neither  the  paper  nor  the  discussion  which  followed  was  printed  in 
cl«*tail.  It  is  stated  hy  Dana,  however,  that  the  matter  wa.s  discussed 
l>y  H.  1).  Rogei>},  PMward  Hitchcock,  William  Mather,  James  Hall, 
and  l^ardner  Vanuxem,  all  of  whom  had  worked  in  the  region.  It  is 
stated,  further,  that  none  of  the  gentlemen,  with  the  exception  of 
N'anuxem,  favoretl  the  views  put  forward  by  Emmons. 

During  the  sununer  following  both  Rogers  and  Hall  studied  the  sec- 
tion, as  describetl  by  Knunons,  in  the  field,  Rogers  rendering  a  report 
to  the  American  Philosophical  S<H*iety  at  Philadelphia  at  the  meeting 
in  lH4'i.  In  this  report  Rogers  sustained  the  views  previously  advo- 
i-ated  by  Hitchcoik,  Hall,  Mather,  and  himself,  to  the  effect  that  the 
ro<*ks  were  l»wer  Silurian  (as  the  term  was  then  used)  extending  from 
the  Potsdam  upward,  but  much  Hexed  and  disguised  by  partial  meta- 
morphism.  Hall  for  some  reiisons  failed  to  make  a  reix)rt  at  the  time, 
though  later  claiming  to  have  written  out  his  notes  very  fully  (see 
p.  tJIl). 

In  his  paper  in  the  Rej)ort  on  the  (leology  of  the  Second  District  of 
New  York,  in  1842,  where  the  system  is  first  elaborated,  Emmons 
referred  to  Rogers's  conclusion;!,  and  seemingly  himself  recognized 
the  |X)ssibility  of  the  various  l)eds  of  limestone  Ijeing  but  portions  of 
the  same  l>ed,  brought  to  the  surface  by  successive  uplift.  He  did 
not,  however,  regard  the  same  as  pro)»able.  The  system  as  a  whole 
he  thought  to  l>e  the  equivalent  of  the  lx>wer  Cambrian  of  Sedgwick, 
the  upper  portion  Innng  the  lower  part  of  the  Silurian  system. 

Although  the  Proi't^nlings  of  the  American  Association  of  Geolo- 
gists were  not  given  in  full,  as  already  noted,  the  opinions  of  Mather 
regarding  the  Taconii-  have  fortunately  lKM»n  handed  down  to  us  in  his 
Re|K)rt  on  the  (ieology  of  the  First  New  York  District,  dated  1848.  In 
this  he  made  usr  of  the  term  in  his  descriptions,  but  stilted  emphatically 
that  the  '•Taconic  nn-ks  are  the  same  in  age  as  those  of  the  C'hamplain 
division,  but  modifi<'d  by  metamorpbic  agency  and  the  intrusion  of 
plutonic  rock." 

In  DecemlMM\  1844,  Knunons  brought  out  in  pamphlet  forma  revision 
of  the  Taconic  svstem,  with  additions  and  an  extension  of  it^  limits. 
This  was  published  without  change  as  a  chapter  in  his  Report  on  the 
Agriculture  of  New  York,  under  date  of  I84r».  The  most  important 
fraluH'  of  this  revision  n»Iated  to  i\\v  finding  of  fossil  crustacean 
remains  in  the  Black  slate  of  Bald  Mountain,  in  Washington  County, 
New  York.  Thcs«»  In*  2UTount4Hl  for  on  the  supposition  that  the  beds, 
instead  of  U'iiijr  the  lowermost,  as  he  first  supposed,  InOonged  in 
reality  to  the  top  <»f  the  -series,  and  bad  <*ome  into  their  present  jx>si- 
tion  through  a  reversion  i»f  the  strata,  adopting  thus  in  part  Uogers*s 
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ideas  as  to  flexures  and  overthrust  faulty.  The  order  of  succession  of 
the  strata  would  then  stand  as  below,  that  given  in  the  papt-r  of  lS4:i 
being  introduced  for  comparison.  It  will  be  at  oncf  noted,  «s  later 
charged  br  Dana  (16^8),  that  '^the  syst«m  is  for  the  most  part  turned 
the  other  side  up." 

Taconir.  siiKlem,  ISi'J. 

6.  Stockbriiige  liiiiest.mf. 

I  a,  Magnesiaii  wlateuf  <lreyloflt — per- 
haps a  repetition  iif  Xo,  .1. 
b.  (iranular  quarts. 
4.  Limestone. 

3.  Magnesian  alal*  iif  Tacfinic  Mounlain. 
2.  S|itirry  liniefltone. 
1.  Taconii-  slali:. 


I  Tafwiic  tijtUin.  Ikixmiier,  1x44. 

I  0.  lilat'k  plate,  Bald  Mountain. 

I  5.  Taeoiiic  Mlate, 

4.  Sjiarry  limeHl^tne. 
11.  Magnesian  plate. 
'  2.  ^tm'klind)^'  limestone. 
1.  Granular  quartz. 


The  sy.stem  a.s  here  outlined,  Kmmons  argued,  occupied  a  position 
inferi<ir  to  the  Champlahi  division  of  the  New  York  system,  or  the 
lower  division  o'  the  Silurian  Mystem  of  Mr.  Murchison. 

The  fo-ssilfl  found  in 
the  Black  slate,  it 
should  bi'.  mentioned, 
were  TrilobiteM- 
Afojw  trilineatttn,  n 
form  allied  to  Trlar- 
thnix  heditAnd  EUip- 
ti>C'phaJa  oaapholt'.fK 
and  annelid  marking.s, 
(chiefly  those  of  Nelrr- 
///vijiiid  Mijriin'drH.  These  were  dpscri!>ed  by  Hall  in  1846,  and  the 
griiund  taken  thjit  the  ,l/»/Maiid  Tri'irthnm  were  identit^al  and  refer- 
iilile  to  the  Hudson  Kiver  yroiip,  the  KUipfmi-phtht  being  referred  to 
the  genus  ( ilm •!!<."  \\\\  I'ppi-r  Ciuiibriiin  form. 

At  the  Itfiston  meeting  (ls4 7)  of  the  .\ssi«-iation  of  American  Geolo- 
gists and  Nauinilists,  I'rof.  ('.  B.  Adiiius  discussed  the  Taconio  rock> 
of  the  northern  ]mrt  of  .Vddison  County.  Vermont,  a  locality  judged 
to  lie  particularly  favonilile  for  study,  since  the  rocks  pass  here  from 
a  highly  to  but  slightly  metam()rpho.-ed  and  disturbed  condition.  He 
exhibited  sections  nf  Simke  luid  Baki  inountiilns  and  from  [jike  Chani- 
pluin  to  the  (ireen  MoiMdains.  aixl  ihunght  to  show  that  the  Ta.'onic 
(liiurtz  ruck  wiis  ].i'ob;il.ly  (he  m.-taiimrphie  ecjuivalent  of  the  red  sitid- 
rock  Oegiinled  bv  A.Ums  a-  l»d..ngiu^'  lo  the  ( 'haiuplain  division  ..f 
Ihe  New  V-.rk  geol,.gis|,|.  ,in<l  lli;it  ihe  Slorkl. ridge  limestone  was  the 
e.|uivalenl  of  llu>  e,il.-an-niis  n..l;.-  i.vertyiug  llir  led  suidrnck,  mtiier 
than  that  of  the  lower  linie>tnne  of  ihr  Chaniiilaiii  divi-iou. 
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Iim-siiiiich  a."  the  value  of  the  evidciu-i'  fiirnislic<l  l>y  the  fossil  remains 
had  lit'come  largely  ii  matter  of  indiviiliml  cijihiion.  ii  I'oiiiiiiiltee.  of 
which  Mr.  S.  S.  Ilaltleiiian  was  elmiriiiuti.  whs  u)>|K>inted  at  the  wanie 
meeting  of  the  association  to  inve?.tigate.  The  reiJ<)rt,  a»  given  by  this 
eoimiiittce  ill  the  American  Journal  of  Stienoe  for  isiS.  was  to  the 
effect  that  so  far  as  could  Ih-  deteriiiiiiiHl  from  the  f i-^mental  character 
of  the  specimens  suliniitted,  ^l^ywand  Tiuiirthrii"  were  not  Identical, 
liut  A.  triliiKiitw  was  "a  fossil  <liarafteri'*lic  of  tlie  stratum  investi- 
gated and  named  hy  Professor  Htmnons." 


To  thif.  rej)ort  Hall  nittnnilly  tiHik  exception.  an<!  in  the  .loiinial  for 
the  >aine  year  i-eviewi-d  the  suliject  and  piililishcd  tigiires  giving  rea- 
-^mi  for  Oiinking  that  the  distinctions  noted  l)y  the  comniittee  were 
not  *' actual  ami  coii-tant,"  hut  merely  those  of  intlividuals.  ami  reaf- 
tinning  the  statement  that  the  two  forms  were  essentially  idenlii-al. 
Hall  was  ill  turn  replied  to  l>y  Kimiioiis,  hut  notliiiig  conclusive  wan 
hrought  forward. 
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Ill  1849  the  uliii]iiib)iis  Hunt  entered  the  field,  aiding,  as  it  rhanfed. 
witb  the  opinions  of  the  opponents  of  the  system,  though  later  he 
sh'fted  his  ground.  No  new  foots  were,  however,  presented,  and  thp 
matter  \»  m<>ntioni>d  here  only  on  account  of  the  oharacttristically 
eiiiphfttit'  and  apparently  decisive  manner  in  which  his  opinions  wen- 
expressed,  however  fanciful  may  have  l>een  thoir  basics. 

Little  of  consequence  now  occurred  until  1855,  when  Professor 
Kmnions  brought  out  his  volume  on  American  Geology,  in  which  he 
made  his  third  presentation  on  the  subject.  In  this  he  extended  the 
system  from  Maine  to  (.ieorgiii  and  subdivided  it  into  an  upper  and 
lower  portion,  the  fossiliferous  portion  being  called  the  Upper  Tai-onic 
and  the  non  fossil  if  erous  the  Lower  Taconic.  The  Sparry  and  Stock- 
bridge  limestones  were  brought  together  as  one  formation,  while  tin' 
syuelinal  character  of  Mount  Greyhick  was  recognized  and  figured. 


I;!.  MagneHia  elate. 
2.  Stockbriilge  liiii^iUtne. 
I.  ( I  ran  iilar  quartz. 

As  here  given,  the  system,  as  stated  by  liana  with  reference  to  that 
I  1.S44,  had  11  top  and  bottom  of  Cambrian  roc-ks.    The  suecessimi  In  thi- 
Lower  Taconic  wa-4  the  same  a-^ 
in  the  publication  of  1844. 

in  1S54  or  1855  tri  I  obit  es- re- 
lated to  those  of  Bald  Moun- 
tain wei-e  found  in  the  Black 
slates  of  West  Geoi^ia,  Vei- 
uiont.     Passing  into  the  hand> 
of  i^atlock  Thompson,  the  a— 
sistnnt  in  tlie  gCoU^ical  survey 
of   the    State,    the    speciinen> 
were   sent   to   Professor   Hall, 
:1  as  JH-longing  t<j  the  shales  nf 
I  Ki\   I  ^roup,  one  of  the  minor  suWivisions  of  the  I^owit 
-H  in    under  the  names  ()r  tll,-„-i^  il,:„ip':„u  <l.  'i'.;',„:„tiU,.i. 
•I  h'lfpi/'i-i.  the  ht\U  beingtlius,  in  his  t>))iiiioii.  made  e<|uii' 
-  Bal<)  Mountain  .slut.-.  ;iliv:idv  n.Xed.      In  this  he  wa-,  li.>» 
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jrrH.vwiM-kf  proup  lav  l>elow  thf  Trenton  in  stnttit^rsphic  position." 
In  thift  view  lAigun  at  tirst  airqiiiesc^d,  but  applied  to  the  l)edH  an  there 
developed  the  nninp  QinJi^'/-  rathei*  than  Ta«'oni(\  subset) iiently  extend- 
ing the  name  to  the  whole  indt  of  Taeonic  nn-ks  reaching  from  the  S|, 
Ijawrenee  to  the  Hudson  Kiver. 

In  18(>i>  I)arnin<le,  the  eminent  Ilohemian  paleontologist  iiiidautlionty 
on  the  Silurian,  n'ad  In-fore  the  (ieologic«l  Society  of  France  »  memoir 
in  which  he  adopted  in  full  the  conclusions  of  Knimons  regai'ding  the 
Taeonic  system,  pn)nounciDg  the  Georgia,  Vermont.  trilobit<'s  as 
unquentionably  of  Primordial  age  and  characteristic  of  a  great  Taeonic 
Hvstern  extending  fiir  Ijetow  the  OI^hhk  or  Piinul<>\fiilr>i''  zone. 

Siilwequent  discoveries  seemed  to  show 
that  Barrande  was  misled  through  the 
character  of  the  evidence  available,  he 
himself  not  having  studied  the  (jucstion 
in  Ihe  Held.  \W  this  as  it  may,  his  ac- 
cession to  the  ranks  of  tlie  "Taconistw" 
for  a  time  greatly  strengthened  their 
cause,  through  sheer  weight  of  authority, 
and  did  nnich  t^tcoinpltcate  the  situation, 
while  the  u-se  made  of  Ins  writings  and 
personal  letters  hy  Marctm  swelled  the 
literature  and  confui^ed  the  (juestion  until 
for  a  time  the  correi't  solution  seemed 
hopeless.     And  hen-  it  may  l>e  remarked  _ 

that,  however  conclusive  and  convincing 

the  writings  of  Man-ou  may  ap)>ear.  the  arguments  he  advanced  were 
founded  almost  altogether  upon  the  works  of  others,  or.  in  someca.seH, 
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upon  no  other  })asis  than  prejudice  in  favor  of  or  against  certain  indi- 
viduals. From  the  time  of  his  Pacific  Railroad  survev  work  Marcou 
did  scarcely  anything  in  the  field,  hut  contented  himself  with  sitting 
as  critic  upon  the  work  of  others.  For  this  reason  he  was  of  little 
actual  service  to  American  geology  and  his  writings  and  opinions 
are  not  quoted  in  detail  here,  although  unquestionably  many  of  his 
suggestions  were  of  value. 

In  1861  there  was  issued  the  final  report  on  the  geology  of  Vermont 
l)y  Hitchcock  and  A.  I).  Hager.  On  paleontological  evidence  the 
Stockbridge  limestone  was  here  set  down  as  not  older  than  Silurian. 
Cross  sections  showed  Mounts  Anthony,  Ek[uinox,  ^]olus,  and  others 
t<)  have  a  svnclinal  structure,  the  limestone  beneath  and  the  slates  above 
as  Fimmons  had  shown  for  Moimt  Greylock.  The  sti'atigraphy  was, 
therefore,  in  favor  of  Euunons's  view,  but  the  paleontology  was 
against  it  and  no  decision  was  reached  as  to  the  age  of  the  quartzite. 
In  1868,  the  year  of  Emmons's  death,  there  appeared  the  fii*8t  edition 
of  Dana's  (leolojifv.     In  this  the  Potsdam  sandstone  was  made  to  include 

the  Primordial  and  the  equivalent  of  the  era 
of  the  PurmhKvUleH  and  the  Primordial  lieds 
of  Scandinavia  and  Bohemia.  The  Georgia 
slates  were  also  recognized  as  Primordial,  in 
this  conforming  to  the  ideas  of  Barrande  and 
Enunons. 

In  1869  Prof.  J.  B.  Perrv,  of  Vermont, 
entered  the  lists  and  argued  in  favor  of  the 
system  as  presented  by  Emmons.  He  was 
subsequently  shown,  through  the  discovery  of 
fossils  and  the  existence  of  numerous  unsus- 
p(Ht<»(l  faults  and  folds,  to  have  been  in  error. 
In  ISTO  the  Kev.  A.  Wing,  of  Vermont,  working  with  the  avowed 
intention  of  settling  the  vexed  (piestion  as  to  the  age  of  the  limestone, 
slates,  Jiiid  (juartzites  in  the  West  Rutland  region,  found  fossils  in  the 
liniestone  which  Hillnigs  identified  as  probably  belonging  to  the  Chazy 
(»po(h  of  th«»  Caiuidiaii  (Lower  Silurian)  period.  Still  others  were 
found,  sutiicient  to  show  that  the  beds  i^ange  from  the  Calciferous  to 
and  including  the  Trenton,  and  that  consequently  the  overlying  slates 
must  b(»  of  rtica  or  Hudson  Kiver  age,  and  were  not  limited  to  the 
Quebec  gi'oup,  a^  Logan  had  supposed. 

in  1S7»J  Klkaiiah  Hillings  published  in  the  Canadian  Natumlist  an 
article  on  the  age  of  the  black  slate  and  i"(hI  sandrock  of  Vermont,  in 
which  he  took  occasion  to  refer  to  the  Taconic  system  and  announct' 
his  views  on  the  sul)j(Mt.  lie  contended  that  in  the  consideration  of 
this  ijuestion  "iieaily  all  of  the  leading  geologists  of  North  America" 
had  ranged  thenisclN  (»>  upon  the*  wioiig  side:  that,  whih*  for  nearly  a 
(juaiter  of  a  <"entuiv  Doctoi"  Kiuinon^  stood  almost  alone,  during  the  last 
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thirteen  yt'Mru  h  ^rcat  revoliituiii  uf  opinion  hiul  ciiinc  h1)i>u):  und  that 
the  idea  tliat  tlie  nwks  of  th«!  Taconie  sysU'in  wcm  ivally  above  the 
Potsdam  HamlF'tonc  (a»  had  U-en  contended)  had  bci-n  r\j)loded.  (See 
letter  to  Meek  quoted  alxne.) 

An  he  understood  the  matt^T  at  the  time  of  wr>tiu;f.  some  of  the 
Taconie  rocks  were  certaiidy  more  ancient  than  the  Pot-wlam.  while 
othertt  might  )>e  of  the  same  a^re,  and  jx-rhaps  some  of  them  more 
rei-ent.  The  details,  he  felt,  had  not  yet  heeii  worked  out.  and  on 
account  of  the  extremely  complicated  structure  of  the  region,  he  ven- 
tured to  nay  tliat  no  man  at  that  time  living  would  ever  see  a  i>erfect 
nwp  of  the  Taconie  region.  The  prcisent  indications  are  fa\  oi-able  to 
this  view  of  the  siihject. 

The  theory  that  the  Taconie  rtH'ks  iH'hmg  to  the   Hudson  River 
group,  he  went  on  to  say.  was  an  *"  enornmu-'  crri>r"  thtit  originated 
in  the  geoU>gical  survey  of  New  York  and  thence  found  its  way  into 
the  Canadian   survey.     The    mistake    was 
doulitlesA  due  t<i  the  extraordinary  arninge- 
ment  of  the  r<Kks,  tiie  more  aiicienl  strata 
lieing  elevated  and  often  shoved  over  the 
more   recent,  so  thai,   without  the  ai<l   of 
I»ileonto!ogy.    it    was    iiii|M>ssi)ile  to   assert 
iwsitively  that  tiieyw<-rc  not.  the  age  of  the 
IIudrKm  Kiver  fonnation.  as  they  apja-ared 
to  l»e.     The  main  object  <if  his  note  was  ae- 
kiiowle<lg<Hl  to  Ik-,  to  show  that  while  the 
error  had  originated  in  New  York,  it  was 
corrected  by  t  he  geologi<-al  survey  of  Canada. 

This  article  brought  out  a  reply  liy  J.  1>. 
Ihinn  in  the  American  .toiimal  of  Sci- 
ence  for  June,    isii.  in   which   he   called 

Billings's  attention  to  the  faet  that,  while  he.  l>anH.  might  differ 
with  Billings  alx'ut  the  Taconie,  the  dilTeivnces,  after  itll.  were  ii<it 
material,  since  Killings  viewitl  the  Taconie  as  dcvelo[K>d  by  Kmmons 
through  successive  interiK>liitions  year  after  year,  and  not  as  tirst 
announced  in  \Si-/.  He  ctillcd  Iiis  Httention.  further,  to  the  fact  that 
the  systeiu  was  Im.-'ed  on  a  section  fifteen  tnilo  hnig.  nniiic  a<-ross  the 
Taconie  Kange.  through  Wiltiain-^town  and  tireylix-k,  to  North  Adams 
on  the  east  and  to  Petersburg  or  Berlin  on  the  we>l:  ihikt  the  dip  was 
originally  throughout  to  the  eastward;  and  that  llie  Imi1>  wen- desti- 
tute of  fossils  and  their  relative  age  judged  by  su|>er)><>->ition.  a<voni- 
iHg  to  which  the  St<Kkbridge  or  North  Adams  limestone-  the  most 
rafttem  rock  in  the  section     would  l>e  the  most  recent. 

Keferring  to  Kaunons's  di-i-overy  of  a  fossiliferou>  black  slate  nt 
Bald  .Mountain.  New  York,  he  stated  that,  aeeordlng  to  Knimons's 
principle  adopte<l  in  lB4:i,  thi-  slate  la'ing  to  the  west  of  the  Taconie, 
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should  be  older  than  the  Tac'onic  proper,  and  therefore  that  his  Taconic 
system  was  actually  newer  than  the  fossiliferous  rock.  This  evidently 
being  to  his  (Emmons's)  mind  impossible,  he  was  thence  led  to  think 
out  a  way  by  which  nxiks  might  dip  eastward  and  still  be  newer  to  the 
westward  and  that,  ''without  a  fact  or  even  an  argument  to  sustain  it, 
he  announced  in  his  agricultural  report,  published  in  1843,  this  as  the 
true  order.  He  thus,  by  a  stroke  of  his  pen,  tipped  over  theTa<'onic 
system  and  got  the  black  slate  to  the  top  with  all  other  Taconic  rcn-ks 
beneath  it.'' 

This  black  slate  interpolation  in  1843,  ac<x)rding  to  Dana,  thus 
brought  mischief  to  the  Taconic  S3\stem  and  to  nmch  American 
geolog}^  and  was  styled  by  him  ''a  most  desperate  blunder."  Bil- 
lings's work  he  regarded  as  eliminating  the  black  slater  from  the 
system.  Dana  went  on  to  state  that  the  quartzite,  which  in  the  pub- 
lication of  1842  occurred  toward  the  middle  of  the  section,  was,  in  that 
of  1S43,  placed  at  the  bottom  of  the  Taconic  series.  Hence  in  this 
•'  perfected  Taconic"  the  rocks  which  Billings  had  shown  to  be  nearest 
to  the  pre-Silurian  of  all  the  Taconic  beds  were  thus  placed  at  the 
remote  ends  of  the  S3'stem,  the  black  slate  at  the  top  and  the  quartzite 
at  the  bottom,  the  former  being  of  Primordial  age  and  the  only  rock 
series  which  had  yet  proven  to  be  pre-Potsdam. 

Dana  acknowledged  that  Emmons  was  deserving  of  honor  for  com 
])ating  the  old  idea  which  had  prevailed  among  geologists  and  (mleon- 
tologists,  to  the  effect  that  the  Taconic  slates  l)elong  to  the  Hudson 
River  period;  yet  he  contended  that  he  ''blundered  in  everything 
else,''  determining  nothing  correctly  as  regarded  the  age  or  order  of 
succession  of  the  rocks  of  the  syst^^.m,  and  "his  avSsumptions  after  1S4l' 
were  so  great  as  to  order  of  stratification  and  faults,  and  his  way  of 
sweeping  distant  rocks  into  his  system  so  unscientific,  that  his  oppo- 
nents had  abundant  reasons  for  their  doubts.''  He  went  on  to  sav 
that  no  one  knew,  even  at  that  date,  what  the  precise  age  of  the  slates 
of  the  Taconic  Mountains  might  be,  although  I^ogan's  view  that  they 
belong  to  the  Quebec  seemed  nearest  the  truth.  The  only  way,  he 
argued,  for  geologists  to  get  out  of  the  Ta(;onic  perplexity  was  to  go 
back  to  Emmons's  original  report  and  section  of  1842.  "The  name 
Taconic,"  he  wrote,  *'  belongs  only  to  the  em  represented  by  the  nH*k> 
of  the  Taconic  Mountain,"  and  nowhere  else. 

In  a  series  of  articles  in  the  Aniei'ican  Journal  of  Science,  beginninj: 
with  Decembei'  of  ls72,  Dana  showed  the  conformabilitv  of  tin' 
raconic  slativs  and  schists  of  the  Taconic  Mountains  and  the  8to<'k 
biidge  limestone  and  <|iiart/itt'.  and  on  the  basis  of  the  discoveries  (»f 
Wing  and  Billings,  pronounced  the  limestone  to  be  of  Trenton  :in<i 
diazy  age  and  the  schists  and  slates  to  !)(»  of  Hudson  Kivc^r  age.  in 
this  agreeing  with  Hogcis.  lie  also  pointed  out  that  the  same  lMMl><»f 
metamorphic  rocks  might  vary  as  do  theii*  unconsolidated  representa- 
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tive.s.  i>eing  c|uart/jte  in  on**  part  and  mica-schist  or  even  gneiss  else- 
where, and  hence  that  purely  lithological  cm  iden<e  as  to  the  identity 
of  beds  was  practically  worthh^ss.  This  is  a  little  amusing  as  coming 
from  Dana,  who  himself  accept^^d  the  presence  of  the  mineral  chondro- 
dite  in  the  limestones  of  Berkshire  as  evidem*e  of  the  Archean  age. 

In  IS7H,  T.  Nelson  Dale  fouiul  hrachiopods  belonging  to  the  Hudson 
Kiver  group  in  the  Taconic  slates  at  Poughkeepsie.  In  this  same  year 
W.  K.  Dwight  began  work  in  the  "8{)arry  limestone''  of  Dutchess 
(Viunty,  New  York,  Knding  fossils  of  undoubted  l^)wer  Silurian  age/* 
These  finds  and  others  made  ]>y  S.  W.  Ford  and  I.  P.  Bishop  in 
adjacent  localities  were  made*  use  of  by  Professor  Dana  in  his  subse- 
quent im|)ers. 

Dana  continued  in  the  field  at  interval  until  \HX\K  accepting  as  his 
working  basis  the  ('hazy  fossils  found  by  Doctor  AVing  at  West  Rut- 
land, and  acc<mipanyingand  working  conjointly  with  Wing  throughout 
the  ])eriod.  In  1S71>  he  showed  on  stratigraphic  and  fossiliferous 
evidence  that  the  Taconic  schists,  so  called,  as  developed  in  Dutchess 
and  mljacent  counties,  were  of  the  age  of  the  Hudson  Riv(»r  grou]). 
and  the  five  limestone  In^lts  then*  found,  but  tive  successive  outcrop- 
pings  of  the  Lower  Silurian  limestone  brought  to  the  surface  by  a 
series  of  flexures.     In  this  he  agreed  in  the  main  with  Mather. 

In  lss4.  Hall  for  the  tirst  time  put  himself  fully  on  reconi  as  o])jK)sed 
to  the  Taconic  system  on  stratigraphic  as  well  as  paleontological 
grounds.  In  this  year  he  sent  Dana  copies  of  two  sections  of  the 
Taconic  area  and  mamiscript  not4»s  claimed  l>y  him  to  have  Ikhjii  made 
prior  to  1H4.''»,  and  which  gave*  the  result  of  his  own  studies.  In  these 
Mounts  Anthonv  an<l  P^iuiiiox  are  shown  to  have  a  svnclinal  structure, 
the  limestone  und4»rlying  a  broad  synclinal  of  slates  an<l  schists,  the 
former  InMng  put  down  as  Trenton  and  lower,  while  the  slates  and 
s<*hist,*^  were  of  Hudson  River  age.  Prompt  publication  w<mld  have 
given  Hall  priority  over  the  Vermont  survey  and  others,  but  owing 
to  the  long  delay  the  matter  is  of  only  historical  interest. 

In  Volumes  XXI  Xan<l  XXXIII  (18sr)andlSs7)of  the  American  Jour- 
nal of  Si'ience,  Dana  again  takes  up  the  subje<*t  syst4»uiati<*ally  under  the 
caption  of  Taconi**  R<K*ks  and  Stratigraphy,  thi»  |m|>4»r  Inking  acc<»m- 
(mnied  by  a  map  of  the  region  and  numerous  sections.  He  showed 
that  the  flexures  throughout  the  Taconi**  area  were  of  a  prevailing 
synclinal  habit:  that  the  limestone  was  a  continuous  formation  lying 
undenieath  the  mountains  and  was  overlai<l  conformablv  bv  stnita  of 
4|uartxit4'  and  (piartzitic  and  ordinary  m\ca  schist,  and  underlaid  along 
tli«»  eastern  lM)rder  by  «|uart/ite  and  mica  schist  also.  He  further 
•«Iiow(h1  that  within  the  Taconic  region  the  texture  and  mineral  nature 
tif  th«»  limentone  ImmIs  vari«»<l  geogniphically,  the  crystalline  texture 
iMMHg  coarser  to  the  M>uthward  and  eastward.      He  found  no  evidence 

"l^wi^ht  Iat**r  fouii«l  (*anihnan  f<iH»<ilH  in  th«*»H*  Miiiit*  rcickK 
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of  frencral  owi-tlirust  fHiiltin^;  affcttiiitf  tho  entire  i-efjion.  As  Uitbr 
age  (if  the  rocks  he  ivnmiiied  conservative,  hut  still  regarded  the  Irnu'- 
Htoiie  as  Iiejond  doiiht  Ixiwer  Silniian.  thoii^li  whether  Trenton. 
Uliazy,  or  Calcifei-ous  rciiiained  an  open  queation. 

Jn  the  •loiirmtl  for  ISrtfi  he  referred  again  to  tlie  iiiatteir,  (|UPstioiiiiitr 
the  i-elialjilitv  of  tlie  lithologkal  ovidem-e  put  forth  liy  t^mmons  ns  to 
the  identity  of  his  Taroiiic  rorks  and  tliose  of  Sedgwick's  Cambrian. 
Hsseiting  that '"  geological  investigation  with  reference  to  the  CaDilirian 
had  notudviinced  so  far  as  to  make  it-^  application  safe."  hi  this  paper 
he  reported  also  t!ie  finding  in  Canaan,  New  York,  of  Ijower  Silurian 
fostillH  in  Sparry  limestone,  this  being  the  oldest  stratum  of  the  Taconic 
system,  ils  iinnounced  by  Kniinons  in  lS+3.  These  fiwsrI.H  were  slii-ed 
and  studied  iiy  Professor  Dwiglit,  of  Poughkeepsie.  and  S.  W.  Ford, 
and  identiHed  as  belonging  proltably  to  the  Trenton  period. 

In  lK8*i,  <_'.  1>.  Wahott.'then  paleontologist  of  the  I'.  S.  (Jtwiogital 

Survey,  took  np  the  .Hubjoct.  f^iving  a  sum- 

_  iiiary  of  liis  it'sults,  with  map.  in  the  Anieri- 

^^""^^V  c!in  Journal  of  Sciem-e  of  April  and  May. 

^  ^  ISSJS.     Walcott  lipgnn    with    a    syntemaiii 

■      ^^^J  study  of  the  slates,  limestones,  and  <piarl/- 

^    ^^iW  '^^'^  "^  Vermont  and  the  adjoining  «-ountie~ 

'\      ^^M  of  N'"w  York,  continuing  his  work  the  fol- 

"^^^^^H  lowing  season  and  {mying  gmrtit-nlar  atleti- 

^^^^^|r  titiii  to  areas  williiiilhe  counties  of  Washiii>:- 

I     ^^^^^^^^^^      '""  !»"<'  UciisseJHcr.  New  York:  Bennington. 

I^^BmI^^^H     Vermont: 

^^^■I^^^^B     sin.'c  the 

mUm^^^^     clesrrihcd  tlu' 

Ml-.  Wiil.'ott  >liowe(l  to  his  own  satisfiir- 
linii  ami  tlu.r  oC  nuwl  <.r  Ihnse  liiivin^r  any  (ietailcd  knowledge  «i 
\\\'-  <iibje.-r  thill  the  .|uarl/rtc  series  beh.iig  to  the  Middle  Carii- 
bi-iitn.  (he  Tiilco-e  >l.il.--  l<j  ihi-  Tpper  ranibi'ijiii.  the  limestones  r" 
the  ('iileifcriiu-."  fha/v.  an.l  Treiitoii,  and  the  slates  and  sandstoiie> 
t.>  Ih.-  Hudson  River' gniup.  He  agreed  nminly  with  Enuiions  in 
Ills  lilltcilogiial  ile-^i'iipiiiiiis  am!  the  geiierai  ilip  and  arrangement  i>f 
rlie  -tnita,  but  (li-airreed  ivitli  liim  in  Ills  identification  of  the  gcL'- 
logi<'iil  age  uf  the  r..i'niati<.iis  ..f  the  Lower  Taconic,  the  strati- 
giaplu<'  relali.iii>  .if  hi-  I.nwer  and  I'pper  Taconic,  and  also  a- m 
the  vidiie  of  Ihc  sli'ati^rriipiiic  and  palennt<ilogical  identitication.- ef 
ag.-.  He  shi.wcd  that  the  gnomliir  .|nartz.  siip[K>sed  hy  Ennnon- 
to  be  unfossilifer<.us  aial  to  lie  nt  liie  base  of  his  Taconic  system,  whs 
actually  f(>s-ilifer<ai-  au'l   the  ■■ijiii;  alent  of  (he  greater  portion  of  tin' 

■'Tli.'-M|.|..,.,-,l  \li,l,ll,.C;,i„l,ti:,iiiiM.I  ;i  ].iiM..f  il„.Ci,li-iiernn>lnT...ifH.-ribed«ea- 
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l'pi>cr  Taconic;"  altto  that  this  ijuartzite  wart  a  shore  deposit  formed 
at  the  same  time  as  were  the  silico-calcareoiis  muds  in  deeper  waters, 
and  which  Emmona  had  included  in  hi^  Upper  Taconte.  The  Stock- 
hrid^e  limestone,  which  Emmons  had  pegarded  au  a  peculiar  pre- 
Silurian  deposit,  he. showed  on  paleontoto^cal  evidence  to  be  the 
e4[uiv'alent  of  the  Trenton,  Chazy,  and  Calciferous  limestones  of  the 
Lower  Silurian,*  while  the  Talcose  slate  resting  conformably  upon  the 
Stockbridge  limestone  was  found  to  contain  graptolJtes  of  Hudson 
River  age.  Emmons's  subdivision  of  Upper  Taconic  he  regarded  as 
merely  due  to  a  repetition  of  certain  beds  brought  up  by  an  overthrust 
fault,  as  shown  in  fig.  140. 

W'alcott  in  his  summary  of  the  paleontological  evidence  relative  to 
the  Taconic,  stated:  (1)  The  trilobites  described  by  Emmons  in  184Jr- 


1S47  from  the  black  slate  were  referred  then  to  the  highest  membcr 
of  the  Taconic  .system  on  stratigiuphic  evidence;  but  {-A)  in  lS,5ii 
were,  on  evidence  of  the  same  kind,  referred  to  the  lowest  member.*' 
(3)  That  in  1859  they  were  referred  to  a  pre-Potsdani  position''  by 
comparison  with  a  fauna  whose  position  had  l»een  stratigr«phi<-aliy 
determined  with  relation  to  the  Silurian  fauna.     Further,  (4)  that  the 

"Tliei*  are  now  aiceptHl  iw  basal  l^jwcr  Camhrian. 

fcBut,  laUr,  Foerete  and  Wolff  f.mri<l  I.ow.t  Canil.riiiii  f.inii^n.-arlh.' lrti«-..f  tln-w 
riK'ka  at  Rutland,  Vermont. 

■■  Snl)i>p<|iient  etiidiee  eeem  to  pIlow  Idat  Kniiiiimi'  wiis  i-orn-"-!  in  (liiH, 
J  They  are  to-ilay  refcmii  to  tlie  I^iwit  Canilirian, 
NAT  Mue  li 
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Nereitm  and  other  trails  which  Emmons  regarded  as  typical  for  the 
Taconic  had  not  yet  been  stratigraphically  located,  while  (5)  the  grap- 
tolites  formed  part  of  the  fauna  of  the  Hudson  terrane. 

Emmons's  errors,  according  to  Mr.  Walcott,  were  due  almost  wholly 
to  his  trust  in  lithological  characters;  his  supposed  unconformity 
between  the  Taconic  and  Champlain  systems  was  based  primarily  on 
the  similarity  in  lithologic  chamcters  of  the  Calciferous  sand  rock  of 
the  Lower  Silurian,  and  the  Calciferous  sand  rock  of  what  is  now 
known,  from  its  fossils,  to  be  a  part  of  his  upper  Taconicj  also  that 
he  confused  the  dark  shales  of  the  Lower  Silurian  with  those  of  his 
upper  Taconic  and  failed  to  recognize  the  obvious  fact  that  the  Cal- 
ciferous terranes  were  f  requentl}^  represented  in  geological  sections  by 
a  shale  undistinguishable  from  that  of  the  Hudson  River;  and  that  in 
several  places  the  Trenton  limestone  is  replaced  by  shale.  According 
to  T.  N.  Dale,  Emmons  was  also  in  error  in  assuming  that  the  slates 
along  the  east  foot  of  the  Taconic  range  dipped  to  the  east,  he  having 
confused  cleavage  with  bedding. 


Fig.  141.— Section  of  Bald  Mountain  from  the  south.  The  profile  of  the  mountain  and  potdtion  <rf 
the  Qimbrian  and  L*.>wer  Silurian  nK.'k.«<  are  taken  from  a  photograph.  The  "Upper  Ta<-onif'  = 
Cambrian  slate,  sand  rock  and  limestone  are  shown  to  the  right  of  the  fault,  and  c-Chazy  lime- 
stone; j-tdark  shales,  interbedded  between  cand  the  Calciferous  sandrock,  E;  «=dark  argiUactous 
shales  beneath  the  Calciferous  sand roik.     (After  C.  D.  Walcott.) 

At  the  eighth  meeting  of  the  American  Committee  of  the  Interna- 
tional Geological  Congress,  which  was  held  in  New  York  in  April, 
1888,  the  subject  of  the  subdivision  and  nomenclature  of  the  American 
Paleozoic  formations  was  discussed,  and  incidentally  the  matter  of 
using  the  name  Taconic.  and  its  limitations,  if  used  at  all,  was  pretty 
thoroughly  gone  over.  A  considerable  diversity  of  opinion  was  found 
to  exist;  although  the  committee  at  first  reported  in  favor  of  retaining 
the  name,  they  were  apparently  subse<|uently  led  to  change  their  views 
upon  the  pnvsentation  of  new  evidence  by  Mr.  Walcott.  A  brief  sum- 
mary of  SOUK*  of  the  views  adopted  is  given  below. 

Dana  objected  to  the  retcMition  of  the  name,  thinking  it  would  bo 
regarded  only  as  '^a  rt'inindcr  of  Kniinons's  blundering  work  —  a  sui- 
c(».ssiou  of  imstiulicd  assimi]>ti()ns  that  biouglit  only  evil  to  the  science." 
S.  W.  Ford  favoi'cd  tln^  adoption  of  the  name  Taconic  for  the  middle 
portion  of  the  Cambrian.  a>-  the  tei-ni  Nva>*  then  iisi'd.  or  that  marked  l>\ 
the  j)resenc(M)f  the  fossil  nl,  ,nlhi.s.  Hall  felt  that  it  might  Ik*  well  to 
i(»tain  the  nanu*  for  those  rocks  lyin*;;  below  the  Potsdam,  while  C.  H. 
Hitchcock  considered  the  lowest  Taconic  as  of  lower  Potsdaiu   ago. 
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Newbeny,  on  the  other  hand,  would  retain  the  name  Taconic  as  a 
^oup  name  for  one  of  the  minor  subdivisions  of  the  Upper  Cambrian, 
while  Alexander  Winchell,  from  a  perusal  of  the  literature  only,  would 
retain  the  name  for  those  rocks  underlying  the  Cambrian  and  retain- 
ing the  primordial  fauna  {Paradoxldea).  The  Canadian  geologists, 
Dawson  and  Selwyn,  both  regarded  the  term  as  useless  and  unneces- 
sary, while  H.  S.  Williams  and  Joseph  Le  Conte  recommended  that  it 
be  dropped  entirely,  owing  to  the  existing  conflict  of  opinion. 

The  committee  recommended  that  all  the  strata  lying  between  the 
Devonian  and  Archean  be  divided  into  three  great  groups,  the  Silu- 
rian, Cambrian,  and  Taconic,  the  last  named  to  be  subdivided  as  below: 


TACONIC. 


Faunal  (systematic) 
designations. 


Sub-Faunas. 

ardial  or  Fi 
ina. 

St.  Croix. 

nic-Prittu 
Fai 

Taconic 

Acadian. 


Rock  masses  of  New  York  and  New  England.    Strati- 
graphic  designations. 


Lower  portion  of  the  Caloiferous  sand  rock  of  New  York. 
The  St.  Croix  beds  (so-called  western  Potedam)  of  the  Mis- 
sissippi Valley. 


The  Greorgia  group. 

The  Taconic  black  slate  and  granular  quartz. 


Paradoxides  l)ed8  of  Braintree,  Massachusetts,  and  Sf.  John's 
group  of  New  Brunswick. 


As  above  noted,  this  report  of  the  committee  was  not  adopted,  and 
it  is  probably  due  more  to  the  work  of  Dana  and  Walcott  than  to  all 
others  that  the  term  to-day  finds  no  place  except  historically  in 
American  geology. 

As  to  the  justice  of  this  decision,  there  may  be  some  question,  par- 
ticularly when  one  recalls  the  fact  that  Mr.  Walcotfs  own  studies 
later  showed  the  existence  of  his  OlenMus  (Georgian)  fauna  helow 
rather  than  above  the  Paradoxides  (Acadian)  beds. 

When  one  considers  further  the  condition  of  the  science  at  the  time 
Emmons  first  proposed  the  system  and  the  conditions  under  which  he 
labored,  without  satisfactor}^  maps,  it  is  obviously  unfair  to  hold  him 
to  as  strict  an  account  as  would  be  justifiable  with  reference  to  the 
later  workers.  Even  were  it  true,  as  stated,  that  there  is  to-day  ''/*/> 
knmon  Htraium  of  rock  in  the  Taconic  ramjc^^  that  is  of  the  geological 
age  assigned  it  by  Doctor  Emmons,^'  and  even  though  it  were  also  true 

«  Emmons's  granular  quartz  and  the  lower  part  of  the  Stoekl»ridjre  limestone  are 
to-day  regarded  ae  older  than  the  Poti^dam,  as  a  |)art  of  the  Lower  Cambrian. 
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that  "all  his  reasons  for  calling  the  Hudson  terrane  Tnamic  were 
based  on  errors  of  stratigraphy,  and  it  was  only  a  fortunate  happening 
that  any  portion  of  the  upper  Taconic  rocks  occur  where  he  placed 
them  in  his  stratigraphic  scheme,"  still  there  would,  to  the  unpreju 
diced,  seem  to  be  abundant  room  for  the  recognition  of  the  name,  a  fact 
which  Mr.  Waleott  has  himself  recognized  by  the  adoption  of  the  bor- 
rowed term  Ordovician.  Moreover,  ruling  out  the  term  on  the  ground 
of  blundering  is  scarcely  just,  since,  as  Winchell  pertinently  remarks, 
a  similar  ruling  would  take  from  Columbus  the  credit  of  having  dis- 
covered America,  since  he  blundered  upon  it,  expecting  to  strike  India. 
The  following  tables  illustrate  the  three  principal  stages  of  the 
Taconic  controvers}'^  up  to  1903,  in  the  columns  to  the  left  the  subdi- 
visions of  Emmons  being  given,  and  in  those  to  the  right  the  equiva- 
lents as  recognized  b}"  Dana  and  other  authorities. 


Taconic  of  1842. 

Equivalents  of  1888. 

Equivalents  of  1908. 

6. 
5. 

Stock  bridge  limestone 

a,  Magnesian     slate      of 
Greylock,  perhaps  a 
repetition  of  No.  3. 

h.  (rranular  quartz 

l^iniestone 

II.  Lower  Silurian 

III.  Hudson  slat^es 

I.  Cambrian 

/Upper  part  Lower  Silurian. 
\Lower  part  Lower  Cambrian. 
Lower  Silurian. 

Lower  Cambrian. 

4 

II.  Lower  Silurian 

III.  Hudson  slates 

II.  Lower  Silurian 

III    and    I.    Hudson 
slates  and  Cambrian. 

I.  Cambrian 

Lower  Cambrian. 

3. 

2. 

Magnesian  slate  of  Taconic 

Mountains. 
Sparry  limestone 

Lower  Silurian. 

Upper  part  Lower  Silurian; 
lower  part  Lower  Cam- 
brian. 

Lower  Silurian. 

] 

Taconic  slate 

Taconic  of  1844- 

a.  Bald   Mountain   black 

slate. 
h.  Taconic  slate 

Lower  Cambrian. 

5. 

Ill    and    L    Hudson 
slatesand  Cambrian. 
II.  Lower  Silurian 

HI.  H  udson  slates 

II.  Ivower  Silurian 

I.  Cambrian 

Lower  Silurian. 

4 

Snarrv  limestone 

Upper  part  Lower  Silurian; 
lower  part  Lower  Cam- 
brian. 

Ijower  Silurian. 

:v 

Magnesian  slate 

1. 

St(M"kl)ridge  limestone 

Granular  <iuartz 

Upper  part  Lower  Silurian; 
lower  part  Lower  Cam- 
brian. 

Lower  Cambrian. 

laronir  o/  /<SV7.5. 

2.   Bal<l     Mountain 
black  slate. 


Tpper  J 
Taconic.  1 1.  Taconic  slate 


I.  Cambrian Ivower  Cambrian. 


L<>vvrr 

Tac<inic. 


3.   Magnesian  slate 
L*.  Stockbri<l«;elinje 
stont'. 


Ill    and    1.    Ihnlson 
slates  an<l  Cambrian. 

HI.   Hinlson  slates 

n.   L<>\ver  Silnrian 


1.  (iranular  quartz  .    1.  Cambrian 


Lower  Silurian. 

Lower  Silurian. 

rpl)er  part  lx)wer  Silurian: 
lower  j»urt  I»wer  Cam- 
brian. 

Lower  Cambrian. 
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Development  of  Geological  Column. 


Maclure,  1817.    (Wemerian.) 


Katou.  1820. 


AMs  IV.  AlluTial  rooks. 


II.  Transition  rcx*ks 


I.  Primitiv**  rocks 


III.  FloeU  or ftecondar}' rocks.. 


I. 
12. 

11. 

10. 

9. 
8. 

7. 

6. 


1.  Feat. 

2.  Sand  and  gravel. 

3.  Loam. 

4.  Bog  Iron  ore. 

5.  Nagel-fluh. 
ti.  Calc  tuff. 

(^Ic  sinter. 

Newest  floetz  trap 
formation. 

Independent  coal 
formation. 

Fl«»et2  trap  forma- 
tion. 

Chalk  formation. 

K(M>k  salt  forma- 
tion. 

Third  flm>tz  siind- 
Btonc. 

Second  floetz 
sandstone, 
ft.  Second  floetz  gyp- 
sum. 
4.  Second  or  varie- 
gated sandstone. 
3.  First    or     oldest 
floetz  gypsum. 

First  or  oldest 
floetz  limestone. 

Old  Red  Sand- 
stone or  flrst 
sandstone  for- 
mation. 

Transition  gyp- 
sum. 

Transition  flinty 
plate. 

Graywacke. 

Transition  trap. 

Tranttitlon  lime- 
stone. 

White  limestone. 

Frimitivegvpsum. 

Frimlllve  flint. 

Quart/.  rcM'k. 

To(iaz  UK'k. 

Syenite. 

Forphyry. 

Heri»entine. 

Primitive  trap. 

Primitive  lime- 
stone. 

Clay  ulate. 

MIcH  slate. 
'2.  <ineisM. 
1.  (Sranite. 


Alluvian. 


V.  AIIaTtal  c\nm{\f  ^J^J^ 


IV.  Su  perineum 
lM.>nt  clasN 


2. 
1. 


5. 

4. 

3. 
2. 
1. 


14. 
13. 
12. 
II. 
10. 

9. 

H. 

7. 
0. 
5. 

4. 

3. 


n-F  « 
•   ll5.  B 


reenstone 
trail. 
Basalt. 


III.  Secondary 
class. 


14.  Secondary 
sandstone. 

Gypsum. 

Compact  lime- 
stone. 

Breccia. 


13. 
12. 


11. 


II.  Transition 
class. 


no. 

9. 

8. 

7. 


Red  sandstone. 

Graywacke. 

Metalliferous 

limestone. 
Argillite. 


C.  Granular 

limestone. 

Ti.  Talcose  rock. 

Primitive 

4.  Mica  slate. 

class. 

S.  Hornblende 

rtjck. 

2.  Gneiss. 

1.  Granite. 

The  position  of  the  volcanic  pro- 
ductions was  problematical,  but  it 
was  thought  tney  might  belong  to 
the  su|>eri  Ileum  bent  class. 
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Verelopment  of  Geological  Column — Continued. 


Conyheure  and  Phillipn.  18'22.     (Enjflish.) 


Eaton.  1830. 


Superior  order 


Alluvial,  diluvial. 

Regular  Mtrnta  above  the  chalk, 
including  upper  marine  (Suf- 
folk crag,  Bagshot  sands)  fresh- 
water formations. 

London  clays,  plastic  clays,  and 
sands. 


Hupermedial 
order. 


Anomalous  deposits 


fChalk. 
Chalk  marl. 
Greensand. 
Weald  clay. 

rpper    Oolite 
division. 

Middle  Ooliti^ 
division. 

Lower    Oolite 
divi-sion. 


Class  V.  Tertiary  or  fifth  se- 
ries. 


Purbeck  beds. 
Portland  oolite. 
Kimmeridge  clay 
Coral  rag. 
Oxford  crag. 
Corn  brash. 
Stonefleld  slate. 
Forest  marble. 
Great  Oolite. 


1  ('lass  IV.  Upper  Secondary 
t     or  fourth  series. 


Lias. 

New  Red  .*<and.stone. 

Magnesian  limestone. 


Class  III.  Lower  Secondar>' 
or  third  series. 


Class  II.  Transition  or  scc- 
(md  series. 


[Coal  Measures. 
Medial  or  car-  Millstone  grit  and  shale. 
bonifcrous^l'arbonlferouH      or      Mountain 
order.  limestone. 

[old  Red  Sandstone. 


Class  I.  Primitive  or  first  se- 
ries. 


IV.  Analluvian. 
HI.  Poet-Diluvion. 
II.  Diluvion. 
^    I.  Volcanic. 
'23.  Shell  marl. 
22.  Marine  sand  and 

crag. 
21.  Marlv  clay. 
•20.  Plastic  clav. 
19.  Oolitic  nwks. 
18.  Third     gray- 

wacke. 


17.  (^  o  r  n  i  f  e  r  o  u  s 
limestone. 

16.  G  e  o  d  i  f  e  r  o  u  s 
limestone. 

15.  Lias. 

14.  Ferriferous  rock. 

13.  Saliferous  rock. 

12.  Second     gray- 

11.  Metalliferou!! 

limerock. 
10.  Calciferous  sand 
rock. 

9.  Sparry  lime  lock. 

8.  first  gray  wai'ke. 

7.  ArKillite. 

6.  Granular    lime- 
stone. 

5.  Granular  quartz. 

4.  Tal<*ose  slate. 

3.  H  o  r  n  b  1  e  imI  e 
rwk. 

2.  Mica  slate. 

1.  Granite. 


APPENDIX    a:   tiKoLOGlCAL   COLirMN. 

Itfrfliipmetit  iif  flenliiyii'al  O'liima — ContlQUeil. 


_'rAiuport«fl  bowldtn 

bl<K-k>:  miK'l  on   

■nd     plaiiu    Hpparenil; 


luwillli-r-      i^iiJlii'U. 


Vsrinm  deiimilu  nbnye  Ihe 
cbalk.Ruiili  u  the  Cog. 
l!<le  ul  Wlgbi  beds.  Lon- 
dun  pluUd  cU]',  fta. 

Grecnwiiil. 
1,  Wealdi^Iay.   1  Hutln»  - 

nDdi.    S.  Pnrbccli  lnvTu. 
iX'lIWj  ond  Uw, 
I.  VdrieffiLlcd  wredm&rl. 

flandHtoDe.    4.  Zechaltfin 
I>.  Red  roQglomcRile. 
I.  Cual  Ueunm.    i.  r«i- 
ImiiKuroiiii  limestone.    ' 

Old  R«d  SBndisum«. 

llmoilone.  grftFWX 
VurCuiii-  -iBlea.  [reaoently 
iDliPd  Willi  alniimed 
iiiuiimdv     nwemtlliig 


Anclcut  HQdmodeni  lava 
tnichytPn   tAult.   j^een 
>~     Hlone.  comcfiTui,  suglte. 
|:      iknd  bomblende  porphy-  ^ 
d      rtes.  KL'rpfMitine,  dlalJo^  • 
>■      mrk,  "lOHlie,  qiurtdJct-  ; 
uut  potybjTypgTBDiW.elc. 


.    UarliK^  uid    tnwb 


S.  Chalk   wllhoal 
BInlt. 

>.  Qiull. ' 

1.  Lower    Green- 


■i.  Kluimerldfr. 

^   1.  Uifonl  cl«r. 
b.  Cornbrub. 

■  a.  Foruit  marble. 

7.  Great  Oolite. 

8.  Fiillrr'swrlh. 
'-  liilerlor  OoUte. 


d  n.  Keuper. 
e  2.  UiuEhelkitllc 
3.  Bunter     hbi 

I.  Magneilui  11 


U.  Csrbotitfer- 

C.IM  group, 
lid      Red 


O.  »  1 1  u  r  i  B 


I.  Old     Red    Pand- 

I.  Ludlow  bolii. 
I  Wealock     llme- 

i.  Caradoc      land- 

(.  Uaadeiloflan. 
Kwkt    uldet   than 

the  ellnrUn. 

gKywacke.elc. 
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Development  of  Geologictd  Column — Continued. 


New  York  State  survey.  Ift41-1843. 


VIII.  Quaternary  sj-Ktem. 


VII.  Tertiary  syntem. 
VI.  New  Red  Sandstone. 
V.  Carboniferous  HyMtem. 
IV.  Old  Red  SandsUmc. 


/Erie  division 


a 

K 
>. 

K 

M 

o 


Helderberg 
division. 


Ontario  divi-' 
sion. 


Champlain 
division. 


Ansted,  1844. 


028.  Chemung  group. 
27.  Portage  group. 
26.  Genesee  group. 
26.  Tully  limestone. 

24.  Hamilton  group. 

25.  Marcellus  shale. 
/22.  Corniferous    lime- 
stone. 

21.  Onondaga   1  i  m  e  - 

stone. 
20.  Schoharie  grit. 
19.  Cauda  galll  grit. 
18.  Oriskany     sand- 
stone. 
17.  Upper    Pentamer- 

ous  limestone. 
16.  Encrinal      lime- 
stone. 
\h.  Delthyris    shaly 

limestone. 
14.  Pentameroiis  lime- 
stone. 
13.  Waterlime  group. 
12.  Onondaga   salt 
I  group. 

11.  Niagara  group. 
10.  ('linton  group. 
9.  Medina  sandstone. 
8.  Oneida,  or  Shaw- 
ungunk     con- 
glonierwte. 
7.  Gray  sandstone. 
6.  Hudson    Ri  ver 

group. 
5.  Utica  siHte. 
4.  Trenton  limestone. 
3.  Black  River  lime- 

SUUlf. 

2.  Calciferous    sand- 
stone. 
1.  Potsdam     sand- 
st<me. 


II.  Taconic  system. 
I.  Primary  or  HyiK)gene  system. 


t^ene    depos-J    ^^^^ 


Newer  Tertiary  or\^ii 
Tertiary  period^    Pliocene.  '*"  * 


Newer  second- #Cretaceou8 
ary  period.     |      tern. 


^Wcalden 
tion. 


Middle  second- 
:    ary  period. 


sys- 


forma- 


Older  second- 
ary period. 


Newer  Paleo- 
Z4>ic  system. 


Middle  Tertiary  orl,Red  crag  or  coralline 

Miocene.  J    crag. 

Older  Tertiary  orlBagsnot  sand. 
Eocene.  j  London  clav. 

Upper  chalK. 

Lower  chalk. 

Chalk  marl. 

Upper  Greensand. 

GaulU 

Lower  Greensand. 

Wealden  clay. 

Hastings  sand. 

Purbeck  beds. 

Portland  stone. 

Portland  sand. 

Kimmeridge  clay. 

Upper  calc  grit. 

Coral  rag. 

Lower  calc  grit. 

Oxford  clay. 

Kelloway  rock. 

Combraah. 

Forest  marUe. 

Great  Oolite. 

Stoneafleld  slate. 

Inferior  Oolite.  - 

Calcaieous  sand. 

Upper  Lias  shale. 

Lower  Lias  shale. 

Lower  Lias  limestone. 
Upper    New   Red  f Keuper. 
Sandstone  or  Tri-  Muschelkalk. 


Upper  Oolitic  sys- 
tem. 


Middle  Oolitic  sys- 
tem. 


Lower  Oolite 


Liaasic  group. 


Red} 
rTrl- 


Middle 
zoic  svstem 


assic  system. 
Magneslan    lime- 
stone or  Permian 
system. 


(?arbonifen>us  sys- 
tem. 


Pnl^n  (Devonian    system 
**'*^"{    or  Old  Red  Sand- 
stone. 


I 

Older  Paleozoic 
sy.»«tem. 


fUpper 
rocks. 


Lr>wer 
ro<'ks. 


Silurian 


Silurian 


Bunter  sandstein. 

Magnesian  limei^tone. 

Lower  New  Re<l  Sand- 
stone. 

Upper  coal  grit. 

Coal  Measure?*. 

Millstone  grit. 

Carboniferous     1  i  m  ♦ - 
stone. 

Lower   Carbt>niferrMi«' 
shales. 

Slates  and  limestones 
of  Devonshire,  eon 
glomerates.      corn- 
stone.and  tilestone. 

Ludlow  and  Wenloek 
series,    a  n  d     Upper 
Cambrian  and  ram 
brian  rocks. 


Caradoc 
and 
flags, 
brian 
brian 
shales. 


sandstone 

L 1  a  n  d  e  i  1  o 

Older    <^m- 

a  n  d     Cam 

f(i«9>iliferi)us 
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Development  of  Gfologicid  (hlutnn — Continued. 


De  La  Beclie.  1861. 


Lyell,  1855. 


iary     orj 


n. 

[A.  Upper  Tertiary "j 

b. 
c. 

B.  MiildleTertiary.  n. 

r.  Lower  Tertiary,  a. 

a. 


(A.  Cretaceous 
group. 


ndarv    or 
flozofc. 


B.  Marine  equiva- 
lentj*  of  Creta- 
ceoiM  group. 


C.  Juraasic  or  Oo- 
litic group. 


D.  Trla«  group 


m. 


/A.  Permian  group]  6. 


nary    or, 
leoxoir. 


B.  Marine  equiva- 
lent* of. 


C.  Carboniferous 
limefitone  group.' 

D.  Devonian 
group. 

E.  Silurian  group- 


\F.  Cambrian 


M  a  e  s  - 
of  Den- 
chalk, 


Mineral    uccumu- 

latiouN   of    the 

present  time. 
Pleistocene. 
PlifK^ene. 
Miocene. 
Eocene, 
(^lalk    or 

tricht 

mark. 
Ordinary 

with  or  without 

flints. 
Merstham  bed.s,  or 

rpper  Green- 

sand. 
Gault. 
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BRIEF   BIOGRAPHICAL  8KETCHES  OF  THE   PRINCIPAL  WORKERS   IN 

AMERICAN  GEOLCKiY. 

Adamh,  Charleh  Baker.     CV>n(rhoIof^Ht  and  (ideologist. 

Bom  in  Dort-hester,  Mans.,  January  11,  1814;  died  in  St.  Thomas,  West  Indies, 
Januan'  18,  1853.  Grailuatetl  at  Amherst  in  18^M,  and  took  up  study  of  theology  at 
Andover,  leaving  there  to  join  E.  Hitohfock  on  geological  survey  of  New  York.  Pro- 
fessor of  fhemistry  and  natural  history  in  Middlebury  (^ollege,  Vennont,  1838-18-17. 
State  geoh>gist  of  Vermont,  1845-1848.  In  1847  arcepte<l  professorship  of  zoology 
and  astronomy  at  Amherst.  Failing  health  took  him  t<»  West  Indies,  where  he  died. 
Assisteil  greatly  in  making  known  the  mollusk-fauna  of  Panama  and  West  Indies. 

Biofn*.  Wm.  H.  Dall.    S*tmt'  American  CcmehohiiriKtii,  PrtM*.  Biolog.  Hoc.  of  Wuhn..  IV,  1886^88, 

pp.  112-llf». 
H.  M.  Seeley,  Amt- r.  (ifol..  XXXII,  No.  1.  July.  1903,  pp.  1-12. 
Thoii.  Bland.  Amer.  Jour,  of  Concholofry.  I.  pp.  191-204.    1866. 

AciAHhiz,  Jkan  I>»riH  R4)iM>LPiiK.     Zoologist  and  glacial ist. 

l^»m  in  MotitT,  Switzerlantl,  May  28,  1807;  died  in  Cambridge,  Mass.,  Decemlier 
14,  1873.  In  18.32,  profess<jr  in  the  Academy  of  Neuehatel.  In  184H,  came  to  ('nite<l 
State's  and  in  1847,  appointed!  profe.**8or  of  zoology  and  geok»gy  in  Harvard  Univer- 
sity. In  1851,  pnifesHor  of  (*omi)arative  anatomy  in  Charleston,  S.  C.  In  1859, 
founde*!  in  Cambridge  the  Museum  of  Com)>arative  Zoology.  Best  known  as  a  lec- 
turer, teacher,  and  authority  on  fossil  fishes,  and  as  the  father  of  the  glacial  theory. 
His  ^^tudes  sur  les  (Jlaciers  api>eare*l  in  1840  and  his  (ilai'ial  System  in  1847. 

Biofn"-  Life  and  ('omf«|M»ndcn('o.  hy  Klizabcth  (!.  AK<uwiz.  Boaton,  IKW>. 
Blof^r.  Life  and  Li^tterN  of  Ixmit  AKaiwis.  by  JiiUv  Mairou.  Bonton.  lS9f>. 
MeiD«iir  of  LouIk  AKawtiz.  by  Arnold  (itiyot.    Biog.  Memn.  Nat.  Acad.  8ci.,  II,  1H86. 
Richard  BHmi.  IHtp.  SiM.  Monthly.  IV.  March.  1874,  pp.  60H-61N. 

Akkki.y,  Sami'kl.     Physician . 

B*»m ,  1785;  die<l   (»n  Staten  Island,  New  York,  July  «,  1845.      (irafluate<l 

fnim  Columbia  Coli(*ge,  1804.     Wn>tc  mainly  on  me<lical  subj«H>ts.      His  principal 
geological  publication  was  an  essay  on  the  gtH)logy  of  the  Hudson  River. 

Aldkkh,  Thima.v  H  km  in  way. 

Bom  in  !*almyra,  N.  Y.,  ()ctolH»r  17,  1848.  (traduat4Hl  at  the  RtMisselaer  Poly- 
technic Institute,  Tmy,  N.  Y.,  as  a  mining  and  civil  engini'er,  in  1889.  Assistant 
engine*'r  on  vari<»us  railmail  surveys  and  public  works  in  New  Jersi'y  till  1871,  when 
he  nioviHl  t4»  .Vlaliama  and  InHiimc  interested  in  coal  mining.  His  public^ations  are 
mainly  on  coal  an<l  rei-ent  shells  an<l  Tertiary  fossils. 

AUfBR,  Francis. 

Bom  in  Bridgewater,  Mass.,  Man-h  8,  1807;  die<i  in  Washington,  D.  (\,  Novemlier 
27.  18»«.  In  1828-27,  made  iolltnting  tri|is  int4»  Nova  hn-otia,  and  in  182H-29, 
4*xplore«l  in  the  same  Provim*«*  with  C.  T.  Ja4*kson.  In  1844,  publishe«l  an  iniition  (»f 
Phillips's  Mineralogy. 

.NAT  Mis  1W4 14  dW 
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Andrkwh,  Kbenezek  Baldwin.     Theolojjfian  and  geologist. 

Bom  in  Danbiiry,  Conn.,  April  29,  1821;  died  in  Lancaster,  Ohio,  August  14,  1880. 
Graduated  from  Marietta  College  in  1842.  In  1851-1869,  professor  of  geology  in 
Marietta  College,  and  then  l)ei'ame  assistant  geologist  to  the  Ohio  State  survey. 
Author  of  Text-lxx)k  on  Elementary  Geology,  Cincinnati,  1878. 

Antihell,  Thomas,  Physician  and  chemist. 

Born  in  Dublin,  Ireland,  January  16,  1817;  died  in  Washington,  D.  C,  June  14, 
1893.  By  profession  a  chemist  and  surgeon.  Came  to  America  in  1848  and  [)ractieed 
medicine  in  New  York  for  six  years,  at  same  time  lecturing  in  colleges  in  Wood- 
stock, Vt.,  Pittsfield,  Mass.,  and  Berkshire  Meilical  Institute.  In  1854-1856,  served  an 
geologist  on  Pacific  Railroad  Survey  under  Lieut.  J.  G.  Parke.  In  1861-1865,  surgeon 
in  Union  Army.  In  1866-1870,  chief  chemist  in  Department  of  Agriculture.  In 
1871-1877,  in  Japan  in  service  of  Imperial  Government  as  chemist  and  technologist 

Biogr.  Wm.  H.  Soamans,  Philos.  Soc.  of  Washn.,  Bull.  XIII,  pp.  367-434. 
Yearbook  of  Agr.  Dept..  1899.  p.  238. 

AsHBiRXER,  Charles  Albert.     Mining  engineer. 

Born  in  Philadelphia,  Pa.,  Fehniary  9,  1854;  died  in  Pittsbun?,  Pa.,  Deceml)er24, 
1889.     E<'onomic  geologist  with  especial  reference  to  petroleum,  gas,  coal,  an«l  iron. 
Traine<l  as  a  civil  engineer,  but  soon  abandoned  the  calling  for  that  of  geologist 
Geologist  to  second  geological  survey  of  Pennsylvania,  187^1886. 
Biogr.  Amer.  Geologist,  VI,  August,  1890.  pp.  69-78, 

Barxes,  Daniel  Hexrv.     Baptist  clergyman  and  educator. 

Born  in  Canaan,  Columbia  County,  N.  Y.,  April  25,  1785;  killed  in  runaway  acci- 
dent in  Troy,  N.  Y.,  OctolxT  27,  1828.  Graduated  in  theology  from  Union  College 
in  1809  and  in  1816,  l)ecame  principal  of  the  classical  department  of  that  institution. 
In  1819,  made  professor  of  languages  in  the  Baptist  Theological  Seminar}',  New  York 
City.  Rendere<l  valuable  sc^rvice  on  original  edition  of  Webster's  Dictionary.  Pub- 
lished but  one  purely  geological  i)aper — a  geological  section  of  the  Canaan  Mountains. 

Biogr.  Am.  Jour.  Sci.,  XV,  18i9,  p.  401. 

Barris,  Willis  IIervev.     Clergyman. 

Born  in  Beaver  County,  Pa.,  July  9,  1821;  died  in  Davenport,  Iowa,  June  10,  1901. 
Clergyman  and  teat^her,  inten^sted  in  the  sciences,  particularly  in  geology.  One  of 
the  f()unders  of  the  Davenport  Acailemy  of  Sciences.  Published  three  brief  papers 
on  the  local  geology  of  Davenport. 

Biogr.  ('.  A.  White.    Annals  of  Iowa,  Octolwr,  1901,  p.  219. 

Bfx'k,  Lewis  Caleb.     Chemist. 

Born  in  Schenectady,  X.  Y.,  OctolKT  4,  1798;  die<l  in  Albany,  N.  Y.,  April20. 1H53. 
At  time  of  death  held  the  professorships  of  chemistry  and  natural  history  at  KutgerB 
College,  New  Jersey,  and  of  cheiuistry  in  Albany  Medical  College. 

Am.  Jour.  ?<•.,  XVI.  1h53,  pp.  149-150. 

Bkjsby,  John  J.     Physician. 

.\  British  me<lical  officer.     Wrote  principally  on  Cana<lian  geology. 

Billin(;s.   Klka.nah.     Paleontolotrist. 

Born  in  ( Jloiicestcr,  Canada,  May  5,  1S20;  dieil  in  Mi>ntreal,  Canada,  June  14,  1S76. 
K(lii<'ate«l  as  a  lawyer,  in  IS-VJ-lHoo,  <Mlitorof  the  Citizen,  at  Renfrew,  Canada.  In 
1  HoH  I'stablisluMl  tlic  ('ana«lian  Natnraiist.  Knwn  1S5H  t<>  time  of  his  death  paleon- 
tologist to  the  juovincial  government. 

Biof^r.  Ih'iirN  M.  Ami.     Aiiu-r.  <MM»lntris.t.  XXVII.  Nn.  :..  I'.MM.  pp.  Jil-V'iMl. 

HiNN'EV,  Amos,     ('oncholoyist. 

Born  in  Boston,  Mass.,  OcIoIht  IK,  IsoiJ;  died  in  Konie,  Italy,  February  18,  1847. 
(Jraduattnl  from  Brown  I'niversity  in  1821. 
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Blake,  William  Phipps.     Geologist. 

Bom  in  New  York,  Jnne  1,  1826.  Graduated  from  Yale  Scientific  School  in  1852. 
Geologist  and  mineralogist  for  U.  S.  Pacrific  Railroad  Expedition  in  1853.  Became 
professor  of  mineralogy  and  geology,  College  of.  Calif oniia,  1864;  now  director  of 
School  of  Mines,  University  of  Arizona,  and  Territorial  geologist. 

Booth,  James  Ccbtis.     Chemist. 

Bom  in  Philadelphia,  Pa.,  July  28,  1810;  died  in  West  Haverford,  Pa.,  March  21, 
1888.     Professor  of  applied  chemistry,  Franklin  Institute.     In  1849  appointed  super- 
intendent of  smelting  and  refining  precious  metals  in  United  States  Mint.     Assistant 
on  geological  survey  of  Pennsylvania  and  State  geologist  of  Delaware,  1839-1841. 
Lamb's  Btog.  Diet,  of  United  States. 

Bradlby,  Frank  Howe.     Geologist. 

Bom  in  New  Haven,  Conn.,  September  20, 1838;  died  near  Nacoochee,  Ga.,  March 
27,  1879.  In  1867,  assistant  geologist.  State  survey  of  Illinois.  In  1869-1875,  professor 
of  geology  and  mineralogy  in  the  University  of  Tennessee.  During  sununer  of  1872, 
assistant  geologist  in  the  Hayden  surveys.  After  1875  engaged  in  private  work. 
Killed  by  a  cave-in  in  a  gold  mine. 

Am.  Jour.  Sci.,  XVII,  1879.  p.  415. 

Br  am  BY,  R.  8. 

Bom  in  Statesburg,  8.  C,  August  4,  1804;  died  near  Athens,  (4a.,  October  6,  1871. 
Received  a  classical  e<lucation  and  ))ecame  first  a  lawyer,  then  a  newspai^er  editor. 
From  1834  to  1849,  professor  of  chemistry,  mineral(»g>',  and  geology  in  the  University 
of  Alabama.  In  the  latter  year  elected  to  a  similar  position  in  South  Carolina  Col- 
lege in  Columbia,  S.  C,  where  he  remaineil  until  1856. 

Branner,  John  Casper.     Geologist. 

Bom  in  Newmarket,  Tenn.,  July  4,  1850.  (iraduate<1  from  Cornell,  1874.  Geolo- 
gist on  Imperial  (teological  Commission,  Brazil,  1875-1877;  topographical  geologist, 
geological  «ur>*ey  of  Pennsylvania,  1883-1885;  professf»r  of  geology.  University  of 
Indiana,  1885-1892;  State  geologist  of  Arkansas,  1887-1892.  Professor  of  geology, 
Leland  Stanford  Junior  University,  si  ne'e  1892. 

Brbwkr,  William  Henry.     Chemist  and  geoU»giMt. 

Bom  in  Poughkeepsie,  N.  Y.,  Sei»tenil>er  14,  1828.  (inuluateil  from  Yale  in  1852; 
stndied  at  Heidelberg,  Muni(*h,  and  Paris.  Professor  of  chemistry  and  giH)logy, 
Washington  College,  Pennsylvania,  1858-1860;  first  assistant  on  giH>logical  survey  of 
Califomia,  1860-1864;  professor  of  chemistry,  University  of  California,  186:^-64. 
Professor  of  agriculture  at  Yale  since  1864. 

BRKiCis,  Caleb. 

Bom  in  North  Ro<'hester,  Mai^.,  May  24,  1812;  died  in  North  Rm-hester,  Mass., 
Septemlier  28,  1H84.  Assistant  on  geological  sur>*ey  of  Ohio  under  Mather,  18,S7,  and 
on  geologii*al  sur>ey  of  Virginia  under  Rogi*rs  in  1839.  Worked  principally  in  the 
coal  and  iron  formations. 

Bloirr.  <'h«ii.  Whlttlem-y.    Mux.  of  Wwtfni  UUUiry.  II,  18H.S. 
Broadhead,  (tarlanh  Cakr.     (ieologist. 

Bom  in  Albemarle  County,  Va.,  OctoU'r  .'M),  1827.  Civil  engineer,  Pac-ifir  Rail- 
ri*dc»f  MiMiwMiri,  1H52-1857;  assistant  gcH>l.»gist  of  Missouri,  1857-1861  and  1871-1873; 
State  geologist  of  MiM*ouri,  187.'i-1875;  assistant  geologist  of  Illinois,  1868;  profi^ssor 
of  geolog>'.  University  of  Missouri,  1887-1897. 

Br(m>kh,  Thomas  Bentjin.     (i»H»h>gist. 

Bom  in  Monroe,  N.  Y.,  June  15,  1836;  diM  in  Newburgh,  N.  Y  ,  NovcmU»r  22, 
1900.  Began  life  as  a  land  surveyor.  In  1K65,  engagc^I  on  gcMienil  survey  of  New 
Jersey.  In  1H66-1H69.  vii-e-prcj'ident  and  genend  manager  of  Imn  Cliff  mine  in  the 
Marquette  district  of  Michigan.    In  lW«»-lK73,c«mnecte<i  with  State  sur\ey  of  Michigan. 

Blocr.  Bftiler  WUlti.    Science.  Mar.  H,  190L 
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Brice,  Arcribali).     Physician  and  mineralogiet.. 

Born  in  New  York  City  in  February,  1777;  died  in  New  York,  February  22,  1818. 
During  a  two  years*  tour  of  Europe  he  collected  a  valuable  mineralogical  cabinet, 
and  returned  to  the  United  States  in  1803,  to  enter  on  the  practice  of  medicine. 
Assisted  in  organization  of  College  of  Physicians  and  Surgeons  of  State  of  New  York. 
P^stablished  Journal  of  American  Mineralogy.  Professor  of  materia  niedica  and 
mineralogy  in  College  of  Physicians  of  New  York  and  Rutger*s  College,  New  Jersey. 

BioKT.  Am.  Jour.  Sci.,  I,  1819,  pp.  299-304. 

Buckley,  Samuel  Botsford.     Botanist. 

Bom  near  Penn  Yan,  in  Yates  County,  New  York,  May  9,  1809;  died  in  Austin, 

Tex. ,  February  18, 1884.     Graduate  of  Wesleyan  University,  Middletown,  Conn. ,  18:16. 

Taught  botany  in  Illinois,  Alabama,  and  other  Southern  States.     Discovered  zeuglo- 

don  skeleton  in  Clarke  County,  Ala.,  in  1841.     In  1866-67,  State  geologist  of  Texas. 

Bull.  Torrey  Botanical  Club,  XI. 

Chambbrlin,  Thomas  Crowder.     Geologist. 

Born  in  Mattoon,  111.,  September  25,  1843.  Graduate  of  Beloit,  1866.  Professor 
of  natural  science.  State  normal  school,  Whitewater,  Wis.,  1869-1873;  professor  of 
geology,  Beloit,  1882-1887;  president  of  University  of  Wisconsin,  1887-1892.  Assist- 
ant State  geologist  Wisconsin,  1873-1876;  chief  geologist  Wisconsin,  1876;  United 
States  geologist  in  charge  of  glacial  division  since  1882;  geologist  of  Peary  Relief 
Expedition,  1894.     Since  1892  head  professor  of  geology.  University  of  Chicago. 

Chance,  Henry  Martyn.     Mining  engineer  and  geologist. 

Born  in  Philadelphia,  January  18,  1856.  Graduated  from  University  of  Pennsyl- 
vania, 1874.     Assistant  geologist,  Pennsylvania  geological  sur\'ey,  1874-1884. 

Church,  John  Adams.     Metallurgist  and  ruining  engineer. 

Born  in  Rochester,  N.  Y.,  April  5, 1843.  Graduated  from  Columbia  in  1867.  Acting 
profcHsor  of  mineralogy  and  metallurgy,  Columbia  School  of  Mines;  editor  Engi- 
neering and  Mining  Journal,  1872-1874;  for  some  time  connected  with  U.  S.  Geo- 
logical Survey;  professor  mining  and  metallurgy,  Ohio  State  University,  1878-1881. 

Clavi'ole,  Edward  Waller.     Geologist. 

Born  in  Ross,  Hereford,  England,  June  1,  1835;  died  in  Long  Beach,  Cal.,  Augoi<t 

17,  HK)1.     Came  to  United  States  in  1872  and  became  professor  of  natural  science  at 

Antioch  College,  Yellow   Springs,  Ohio,  in   1873.     In   1881-1883,  connecte<l   with 

second  ge<jlogical  survey  of  Pennsylvania.     In  1883,  appointed  professor  of  natural 

science  in  Buchtel  College,  Akron,  Ohio.     In  1898  to  time  of  his  death,  professor  of 

geology  and  biology  at  Throop  Polytechnic  Institute,  Pasadena,  Cal. 

Biogr.  Theo.  B.  CoiiiMKxrk  and  Ckh).  M.  Richardson.    Amer.  (leol..  XXIX,  1902,  No.  1.  pp.  1-47. 
T.  B.  Com.si(Kk.    Bull.  Geol.  Soc.  of  America.  XIII,  Feb.,  1903,  pp.  487-97. 

Cleaveland,  Parker.     Chemist  and  mineralogist. 

Born  in  Essex,  Ma.s8.,  January  15,  17H0;  died  in  Brunswick,  Me.,  October  16,  1858. 
(iratluated  at  llarvanl  in  1799.  In  1805,  appointed  professor  of  mathematics,  natural 
philosophy,  chemistry,  and  mineralogy  in  Bowdoin  College,  and  continued  to  teach 
these  bninches  (with  exception  of  mathematics)  until  time  of  his  death.  Is  best 
reincinl Hired  as  a  teacher  and  mineralogist. 
Bio^rr.  .Vin.  .Innr.  S<i..  XXVI.  is^s.  pp.  llK-9. 

('<u,i,trrT,  .John,     (ieolojjist. 

I^orn  ill  Ku^'i'iie.  Iini..  .laiinary  10,  1S2H;  died  in  India!ia|K)li.«<,  ln<l.,  March  l'^. 
\H\)SK  (iradiiated  from  Wal>ash  College,  CrawfonlsN  ille.  ln«l..  in  1847.  From  1SH»< 
tn  ISTI*  assistant  iiiuler  K.  T.  Cox  in  State  survey  of  lii<Ua!m,  and  in  last-nanml  year 
ma<U»  State  p-olo^ist  and  statistician.  18S0  appointed  ^eolojrist  in  ehief  for  a  tenn  of 
four  years.     At  the  end  of  his  term  of  service  he  retired  to  private  life. 
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Conk  LING,  Alfred  Ronald. 

Born  in  New  York,  Septeml^er  28,  1850.  Gradiiate<i  from  Yale  in  1870.  For  a 
Hhort  time  connected  with  U.  S.  Geological  Survey  undei*  Hayden. 

Conrad,  Timothy  Abbott.     Conchologist  and  paleontologist. 

Born  near  Trenton,  N.  J.,  June  21,  1803;  died  in  Trenton,  N.  J.,  August  9,  1877. 
By  profession  a  printer.  Geologist  and  paleontologist  of  New  York  State,  1827-1842. 
Prepare<i  otticial  reports  on  the  fonsils  collected  l)y  the  Wilkes  Exploring  Expedi- 
tion, the  exi)edition  of  Lieutenant  Lynch  to  the  Dead  Sea,  and  the  Mexican  Bound- 
ary Survey.  He  also  published  an  important  work  on  the  fossil  shells  of  the  Tertiar>' 
fonnation  of  North  America. 

Biogr.    Wm.  H.  Dall.     Proc.  Biolog.  Soc.  of  Washington,  IV,  1886-88,  pp.  112-114. 

CooK,  George  Hammell.     GeoUjgist. 

Bom  in  Hanover,  N.  J.,  January  5,  1818;  died  in  New  Brunswick,  N.  J.,  Septem- 
ber 22,  1889.  In  ia39-l  842,  tutor  or  adjunct  professor  and  1842-1846,  senior  professor 
at  the  Rensselaer  Polytechnic  Institute.  In  1848-1 851,  connected  with  Albany  Acad- 
emy at  Albany,  N.  Y.  In  1853,  professor  of  chemistry  and  natural  science  at  Rut- 
gers C-oUege,  New  Brunswick,  N.  J.  In  1854-1856,  assistant  geologist  of  State  of  New 
Jersey.  ^  In  1864,  made  State  geologist,  a  position  which  he  continue<l  to  fill  till  time 
of  his  death. 

Biogr.   Jame8  NSilson.    AddresH  before  faculty  of  Rutgere  College,  1890. 

Cooper,  Thomas.     Educator. 

Born  in  London,  England,  Octol)er  22,  1759;  died  in  Columbia,  S.  C,  May  11, 
1840.  Came  to  America  in  1795  and  ser\'ed  for  brief  periods  as  prtifessor  of  chem- 
istry and  allied  sciences  and  law  in  Dickinson  College,  University  of  Pennsylvania, 
University  of  Virginia,  and  South  Carolina  College,  becoming  president  of  last  named 
in  1821  and  serving  until  1833. 

Biogr.    History  of  Higher  Education  in  South  (Carolina  by  Colyer  Meriweather.    Bureau  of 
Education,  Waahn.,  1889. 

Cope,  Edward  Drinker.     Paleontologist. 

Bom  in  Philadelphia,  Pa.,  July  28,  1840;  died  in  Philadelphia,  April  12,  1897. 
Vertebrate  paleontologist.  Professor  of  natural  sc!ience  at  Haverfonl  C-ollege,  Pa., 
1864-1867;  connected  with  theU.  S.  Geological  Surveys  under  Lieut.  G.  M.  Wheeler, 
1874,  and  Dr.  F.  V.  Hayden.  Curator  of  Academy  of  Natural  Sciences  of  Phila<iel- 
phia,  1865-1873.  Professor  of  geology,  University  of  Pennsylvania,  1889.  Fq^  many 
vears  editor  of  the  American  Naturalist. 

Biogr.    P.  Frazer.    Amer.  Geol.,  XXVI,  Auj?.,  1900, 

Cornelius,  Elias.     Clergyman. 

Bom  in  Somers,  N.  Y.,  July  31,  1794;  die<l  in  Hartford,  (\)nn.,  Fe!)ruary  12,  1832. 
A  clergyman  who,  in  company  with  many  others  of  his  time,  was  intereste<i  in  the 
sciences.     Wrote  a  little,  but  did  no  active  work. 
BiofH'.    Bela  Hubbtinl.    Nat.  Cyclo.  Am.  Biogr,  1833. 

CoTTiNG,  John  RrtiGLES.     Clergyman. 

Bom  in  Acton,  Ma.ss.,  1784;  die<lin  Milletlgeville,  Ga.,  October  18, 1868.  A  clergy- 
man intere«te<l  in  science.  Removed  to  Augusta,  (ia.,  in  1835,  and  was  engagcni  l)y 
private  parties  to  make  agricultural  survey  of  Burke  and  Richmond  countii*s.  The 
work  was  complete*!  in  1836,  and  map  and  drawings  deposited  in  the  Medical  Ci>llege 
at  Augusta.  Report  [)ul)lishe<i  in  1836.  State  geologist  of  (ieorgia  for  two  years. 
Biogr.  Am.  Min.  Jour..  XLV.  IHGJ^.  !>.  HI. 

CouTHorv,  Joseph  Pittv.     Conchologist.  ^ 

Born  in  Boston.  Mass.,  January  6,  1808,  of  French  extraction;  shot  on  U.  S.  S. 
Chilliitjthe,  off  (irand  Kcore,  I^.,  April  3,  18()4,  and  (litnl  ftillowing  day.  In  early  life 
ehippeci  as  sailor  on  his  fatlier's  vessel.     In  1S,36,  iK'came  member  of  Boston  Society 
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of  Natural  Hiatory;  was  conchologiet  to  Wilkes  Exploring  Expedition  for  two  year*. 
Comniandeti  United  States  vessels  from  outbreak  of  rebellion  until  he  lost  his  life. 

Biogr.  Wm.  H.  Dall.    Some  Amer.  ConchologisUi.    Proc.  Biolo^.  Boc.  of  Washn.,  IV.  1886-10. 
pp.  108-111. 

Cox,  Edward  Tbavers.     Geologist. 

Born  ill  Culi^eper  County,  Va.,  April  21,  1821.  Studied  geology  and  chemistry 
under  I).  D.  Owen  and  served  as  assistant  on  surveys  of  Kentucky  and  Arkanaas. 

In  1868-1880,  State  geologist  of  Indiana. 

COZZEXS,  ISSACHAR. 

Born  in  Newport,  R.  I.,  December  15,  1780,  died  in  Guttenbei^g,  N.  J.,  April  17, 1865. 
Cozzens's  claim  to  recognition  as  a  geologist,  so  far  as  his  publications  are  com^med, 
is  base<l  upon  his  geological  history  of  Manliattan  or  New  York  Island,  dated  1W3. 

Biogr.  Genl.  A.  W.  Vogdes.    Amer.  Geolog.,  XXIV,  No.  6. 1899,  pp.  327-«. 

Dale,  Thomas  Nelsox.     Geologist. 

Born  in  New  York  City,  November  25,  1845.  Professor  of  geology,  zoology,  and 
botany,  Drury  College,  Missouri,  1877;  professor  of  geology,  Vassar  College,  1878;  con- 
nected with  U.  S.  Geological  Survey  since  1885 — as  field  assistant,  1885-1888^  assist- 
ant gecilogist,  1890-91;  geologist,  1892  to  date.  Instructor  in  Williams  College— in 
geology,  1898;  botany,  1897;  resigned,  1901.  f 

Dall,  William  IIealev.     Naturalist. 

Born  in  Boston,  Mass.,  August  21,  1845.  Studied  natoral  sciences  ander  Louis 
Agassiz.  Paleont^)logist  on  U.  S.  Geological  Survey,  1884-1898.  Since  1880,  attached 
to  U.  S.  National  Museum;  since  1898,  also  professor  invertebrate  paleontology,  Wag- 
ner Institute  of  Sciences,  Philadelphia. 

Dana,  Edward  Sallsbury.     Mineralogist. 

Bom  in  New  Haven,  Conn.,  November  16,  1849.  Graduated  from  Yale  University 
in  1870;  also  studied  in  Hei(lell)erg  and  Vienna.  Member  of  Yale  faculty  since 
1874.  p]<litor  American  Journal  of  Science.  Author  of  Text-Book  and  Svsteni  of 
Mineralogy. 

Dana,  JAMh><  l)wi(;nT.     (Geologist. 

Born  in  Utica,  N.  Y.,  Kebriiary  12,  1818;  died  in  New  Haven,  Conn.,  April  14, 
1S95.  jMitere<l  Yale  in  1S8(),  hut  withdrew  in  August,  188,8,  to  becx)me  in.Mtructor  in 
mathematics^  in  the  Navy.  In  1886,  reentered  Yale,  remaining  two  years,  serving  a.** 
assistant  to  Professor  Silliman.  In  188H-1842,  geologist  and  mineralogist  to  the  Wilke?* 
Kxploring  Expedition.  In  1846,  I)ecame  editor  of  Amerii^an  Journal  of  .Science.  In 
1H50,  appointed  professor  of  natural  history  in  Yale  College,  the  title  in  1864  beinjr 
change<l  to  professor  of  geology  an<l  mineralogy.  Retained  thi.s  chair  until  1890,  when 
he  retire<l  from  active  university  work.  '*The  foremost  geologist  of  Americaand  one 
of  the  foremost  of  the  world." 

Hi<»^'r.  K.  S.  Dana.     Am.  Jour.  Sci..  XLIX.  1H9.').  pp.  l-'-'H. 

('.  K.  H.M'clu'r.  Am.  <hm.1.,  XVII,  ls9«;.  pp.  1-16. 

J<»>t'Itli  Lr  Coiit*'.     Hull.  (itol.  i<m\  AiiUT..  VII.  lS9r).  ]>p.  ■ir>l-479. 

I>.  ('.  (Jilmau.     Thf  Liu*  of  Jaim--^  Dwij^ht  Dana.  isw. 

1)a.n.\,  Samckl  Lcthkh.     Chemist. 

Pxirn  in  Amherst.  N.  II.,  July  11,  1795;  die<l  in  I^3well,  Mass.,  Man'h  11,  1868. 
(ira<hiate<l  in  iiHMlicine  in  ISIS  and  practice(l  until  1820.  Chemist  to  the  Newton 
Chemical  C<»mpany,  from  ahont  1S20-1S.84.  Consulting  chemist  of  Merrimac  Manu- 
facturing Company,  at  Lowell,  Mass.,  IS.U-lHfiS.  With  his  brother  J.  F.  Dana, 
puhlislied  a  work  on  the  mineralogy  and  geology  of  Boston  and  vicinity. 

Hioijr.  Top.  Sci.  Monilily.  |»i>.  (W-tl'jT. 
Am.  .four.  Sci..  XI.V.  In.s.  p.  A2'k 
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Dawson,  George  Mercer,     (ieologist. 

Bom  in  Pictou,  Nova  Scotia,  August  1,  1849;  dm\  in  Ottawa,  Canada,  March  2, 1901. 
Graduated  at  the  London  School  of  Mines  in  1872,  and  became  geologist  and  botanist 
OQ  North  American  Boundary  Surveys,  1873.     Connected  with  Geological  Survey  of 
Canada  from  1875  to  time  of  his  death,  succeeding  Selwyn  as  director  in  1895. 
Biogr.  Frank  D.  Adams.    Bull.  Geol.  8oo.  of  America,  XIII.  Feb.,  1903,  pp.  497-509. 

Dawson,  John  Willia.m.     Stratigraphical  geologist  and  paleo!x)tanist. 

Born  in  Pictou,  Nova  Scotia,  October  13,  1820;  die<l  in  Montreal,  Canada,  Novem- 
ber 19,  1899.  Superintendent  of  education  in  Nova  Scotia,  1850.  Principal  (»f  Mciiill 
University,  1855-1893.  The  author  of  many  works  bearing  upon  science  and  religion; 
his  mo8t  important  books  being  Acadian  Geology,  the  first  edition  of  which  appeared 
in  1855;  the  Geological  History  of  Plants;  Air  Breathers  of  the  Coal  Perio<l;  and  the 
Dawn  of  Life.  One  of  the  most  eminent  advocates  of  the  theory  of  the  organic  ori- 
gin of  the  Eozoon  canadense.  .  , 

Biogr.  Bull.  Geol.  Soc.  Amer.,  XI,  1899,  pp.  550-580. 
H.  M.  Ami.  Amer.  Geol.,  XXVI,  1900.  pp.  1-57. 
Eng.  &  Min.  Jour.,  LXVIII,  No.  23,  Dec.  2,  1899,  p.  eG4. 
Canadian  Rec.  of  Sei.,  VIII,  1900,  pp.  137-149. 

Dbane,  James.     Physician. 

Bom  in  Coleraine,  Mass.,  February  24,  1801;  dieil  in  Greenfield,  Mass.,  June  8, 
1858.  Physician  by  profession,  his  claim  to  geological  rec^nition  l>eing  founded 
upon  his  work  on  fossil  footprints  in  the  sandstones  of  the  Connecticut  Valley,  to 
the  study  of  which,  contemporaneously  with  Hitchcock,  he  devoted  much  attention. 

Dewey,  Chester.     Naturalist. 

Born  in  Sheffield,  Mass.,  October  25,  1784;  died  in  Rochester,  N.  Y.,  December 
5,  1867.  Tutor  in  Williams  College,  1808-1810.  In  1810-1817,  professor  of  mathe- 
matics and  natural  philosophy,  also  professor  and  lecturer  on  chemistry  and  botany 
in  medieval  colleges  of  Pittsfield,  Mas.s.,  and  Woodstock,  Vt.,  for  many  years.  In 
18:^6-1850,  principal  of  the  Collegiate  Institute  of  Rochester,  N.  Y.  In  1850-1860, 
professor  of  chemistry  and  natural  philosophy.  University  of  Rochester. 

DucATEL,  Julius  Timoleon.     Chemist. 

Born  in  Baltimore,  Md.,  June  6,  1796;  died  there  April  23,  1849.  Professor  of 
natural  philosophy  in  Mechanic/s  Institute  of  Baltimore,  and  of  chemistry  and 
geology  in  faculty  of  arts  and  sciences  in  the  University  of  Maryland.  In  1830  suc- 
ceeded Doctor  Butts  in  the  chair  of  chemistry  in  the  medical  deimrtment  of  the 
university.  In  1835,  in  conjunction  with  J.  II.  Alexander,  mmle  a  preliminary 
reconnaissance  of  Maryland;  was  api)ointe<l  professf)r  of  chemi.stry,  mineralogy,  and 
geology  in  St.  John's  College,  Annapolis,  but  in  1838  or  1839  resigne<l  l)oth  appoint- 
ments to  devote  himself  to  the  .survev  work. 

Obituar>\    Am.  Jour.  .Sci.,  VIII.  IM9,  pp.  14&-149. 

DuTTON,  Clarence  Edward.     Major  in  United  States  Army  and  geologist. 

Bom  in  Wallingford,  Conn.,  May  15, 1H41.  Ciraduated  from  Yale  in  1860.  Entere<l 
United  States  Army  in  18<)2,  and  after  civil  war  devottnl  leisure  to  study  of  geology. 
In  1875-1891,  detailed  for  duty  with  U.  S.  Geological  Survey. 

DwiGHT,  Willia-m  Buck.     Geologist. 

Bom  in  Constantinople,  Turkey,  May  22,  1H33.  (iraduatinl  from  Yale  Univer- 
sity, 1857.  In  1865-1867,  engage<l  in  mining  explorations  in  Virginia  and  Missouri. 
In  1867-1870,  taught  at  West  Point.  In  1870-1878,  professor  <»f  natural  sciences  at 
State  Normal  School  of  Connecticut;  .^ince  187H,  profes.**or  of  natural  history,  Vassar 
College. 

Eaton,  A.mo6.     Geologist  and  educator. 

Bom  in  Chatham,  N.  Y.,  May  17,  1776;  died  in  Troy,  N.  Y.,  May  6,  1842.  '  (inwl- 
uated  from  Williams  College,  171H),  and  snbseqiK^ntly  studit^l  an<l  practict»d  law.     In 
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1815,  studied  mineralogy  and  geology  with  Professor  Silliman.  Returned  to  Wil- 
liams College  and  gave  course  of  lectures  on  botany,  geology,  and  mineralogy  to  vol- 
unteer students.  In  1820,  appointed  professor  of  natural  history  in  Me<!ical  College 
at  Castleton,  Vt.  In  1820-21 ,  engaged  on  geological  and  agricultural  survey  of  Albany 
and  Rensselaer  counties,  N.  Y.  In  1823-24,  on  survey  of  district  adjoining  the  Erie 
Canal.  In  1824,  made  senior  professor  of  school  of  sciences,  Rensselaer  Polytechnic 
Institute,  where  he  remaineil  till  his  death. 

Biogr.  Pop.  Sci.  Monthly,  XXXVIII,  November,  1890,  pp.  llS-118. 

Kmmons,  Ebenezkr.     (geologist. 

Bom  in  Middlefield,  Mass.,  May  16, 1799;  died  in  Brunswick  County,  N.  C,  Octo- 
ber 1,  1863.  Graduated  at  Williams  College,  Massachusetts,  in  1820,  and  for  fifteen 
years  practiced  medicine  and  surgery  in  Berkshire.  In  1838-1852,  professor  of  chemis- 
try at  the  Albany  Medical  School.  In  1828,  lecturer  on  chemistry  in  Williams  Col- 
lege. In  1833,  appointed  professor  of  natural  history  to  succeed  C.  Dewey.  In  1836, 
appointed  geologist  of  Second  District  New  York  State  geological  survey;  from  1851 
to  1863  State  geologist  of  North  Carolina.  Is  best  remembered  as  the  originator  and 
defender  of  the  Taconic  system  in  North  America. 

Biogr.  Jules  Mareou.    Amer.  Geol.,  Jan.,  1891,  pp.  1-28. 
Am.  Jour.  Sci.,  XXXVII,  May,  1864,  p.  151. 
Pop.  Sci.  Monthly,  Jan.,  18%. 

Emmons,  Samuel  Franklin.     Geologist. 

Born  in  Boston,  Mass.,  March  29, 1841.  Graduated  from  Harvard  in  1861.  Studied 
in  Paris  and  at  Freiberg  Mining  School,  Saxony,  1862-1865.  Geologist  Fourtieth 
Parallel  Survey.  1867-1877.     On  U.  S.  GeologicalSurvey,  1879  to  date. 

Endlich,  Frederic  Miller.     Mining  engineer. 

Born  in  Reading,  Pa.,  June  14, 1851;  died  in  Tucson,  Ariz.,  July  17,  1899.  In  1872- 
1880,  mineralogist  and  chemist  at  Smithsonian  Institution.  In  1873-1879,  assistant  on 
U.  S.  Geological  and  Geographiciil  Surveys  under  F.  V.  Hayden.  From  1880  to  time 
of  his  death  engaged  as  mining  engineer  in  various  i)arts  of  the  West. 

Engelmann,  George.     Naturalist. 

Born  in  Frankfort-on-Main,  Germany,  February  2,  1809;  die<l  in  St.  Louis,  Mo., 

February  4,  1884.     Graduated  at  Wurzburg  University  in  1831.     Came  to  America  in 

1832  and  prepared  specimens  of  plants  for  German  museums.     In  1835,  l)egan  the 

practice  of  medicine  in  St.  Louis.     His  records  of  meteorological  oljservations  in  the 

Misj^i.ssippi  Valley  are  a  most  valuable  source  of  information  on  climatology  during 

fifty  >ears.     Voluminous  writer  on  botany  and  other  l)ranches  of  natural  histor}'. 

First  president  of  Academy  of  Science  of  St.  Louis. 

Biogr.  Enno  Sander.    Tmns.  Acad,  of  Sci.  St.  Louis, . IV,  187^«6,  prelim,  pages  1-13. 
C.  A.  White.    Biogr.  Mems.  Natl.  A('a<l.  Sci.,  IV.,  1902,  pp.  1-21. 

Evans,  John,     Physician  and  geologist. 

B<jrn  in  Portsmouth,  N.  H.,  February  14,  1812;  died  in  Washington,  D.  C,  April 
13,1861.     In  1847,  was  assistant  to  D.  D.  Owen  in  the  Chippewa  district.     In  1851^ 
apiM)inte<l  to  institute  geological  researches  in  Oregon  and  Washington.     Went  to 
Central  America  with  Chiri(|ui  Exploring  ExiH*dition,  1800. 
Hi«.^'r.  Am.. lour.  Sci..  XXXII,  Nov.,  1n;i,  i>.:ill. 

FK.\TMKi{.sT()NiiAi(;n,  (  Jk(>K(;e  William. 

P>orii  ill  London,  17S();  ilicd  in  Havre,  France,  ScptcnilKT  28,  \H(\i).  Came  to 
rnite<l  States  and  in  is.'M,  niadr  cxaniination  <»t'  tin*  iTgi<»n  between  the  Missouri  and 
Red  Rivers.  In  ls:»r>.  made  ^e<»Int:i«al  reconnaissance  fnmi  Washington  to  St.  I'eters 
River.  .\pj)ointe(l  ])y<ireat  Rritain  one  of  <-onimission  of  two  to  s«'ttle  iMiundary 
(lispnte  between  Initeil  States  and  ('ana«Ia.  Rritish  Consul  at  Havre,  assi.»<ting  in 
esca|H'  of  Louis  l*hilli|ie  in  LS4S. 

J.  I).  Ki'iitlM-rstoiilinuuh.     .\iii.<M<ti  .  April.  LS.V.>. 
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F<>>«TER,  JouN  Wells. 

Born  ill  Petersham,  Mass.,  March  4,  1815;  die<l  in  Hyde  Park,  Chicago,  111.,  June 
20,  IHT'.i.  R*H*eive<l  collegiate  ediifation  at  Wesleyan  University,  Middletown,  Conn., 
after  wliich  he  studied  law  and  settled  at  Zanesville,  Ohio.  Was  assistant  to  Jackson, 
and  subse<juently  workeil  with  Whitney  on  survey  of  copper  lands  of  Lake  Superior. 
Wrote  work  on  Prehistoric  Races  of  the  ITnite<l  States  and  on  The  Mississippi  Valley, 
Its  Physical  Geography,  etc.,  in  1869. 

Bio^r.  Pop.  Sei.  Monthly,  III,  August,  1873,  p.  508. 

Frazer,  Persifor.     Geologist  and  chemist. 

Boni  in  Philadelphia,  Pa.,  July  24,  1844.  Graduated  from  University  of  Pennsyl- 
vania, 1862;  studied  in  Royal  S<'hool  of  Mines,  Freiberg,  Saxony,  1866-1869.  Miner- 
alogist and  metallurgist  on  U.  S.  Survey  under  Hayden,  1869-70.  Professor  of 
chemistry,  University  of  Pennsylvania,  1870-1874;  assistant  on  second  geological 
survey  of  Pennsylvania,  1874-1882. 

Gabb,  William  More.     Paleontologist. 

Bom  in  Philadelphia,  Pa.,  January  20,  1839;  died  there,  May  30,  1878.  In  1862, 
paleontologist  on  geological  survey  of  California  under  Whitney.  In  1868,  under- 
torik  survey  in  Santo  Domingo  for  private  company,  and  in  1873,  published  a  memoir 
of  toj)ography  and  geology  of  that  island.  In  1873,  went  to  Costa  Rica  and  engaged 
in  a  geological  and  top^^graphical  survey. 
Biogr.  Amer.  Jour.  Sci.,  XVI,  1878,  p.  164. 

Genth,  Frederick  Augustus.     Mineralogist  and  chemist. 

Bom  in  Waechtersbach,  in  Hesse,  May  17,  1820;  died  in  Philadelphia,  Pa.,  Feb- 
ruary 2,  1893.  Took  degree  of  Ph.  D.  at  University  of  Marburg  in  1845;  chemical 
assistant  to  Bunsen  for  three  years.  In  1848,  came  to  America  and  settled  in  Phila- 
delphia. In  1872-1888,  professor  of  chemistry  in  University  of  Pennsylvania.  Best 
known  by  his  studies  of  corundum,  copper  products,  and  ammonia-cobalt  bases. 
hiogr.  Geo.  F.  Barker.    Natl.  Acad.  Sci.,  Biogr.  Mem.<*.,  IV,  1902,  pp.  203-231. 

Gesner,  Abraham.     Physician,  geologist,  and  chemist. 

Bom  in  Comwallis,  Nova  Scotia,  May  2,  1797;  died  in  Halifax,  Nova  Scotia,  April 
19,  1864.  In  1838,  ai)pointed  provincial  ge^dogist  of  New  Brunswick.  Aside  from  his 
geological  work,  he  achieved  distinction  as  inventor  of  method  for  manufacture  of 
illuminating  oil  from  coal  and  other  bituminous  substances. 

Biogr.  G.  W.  Gesner.    Bull.  XIV,  Natl.  Hist.  Soc.  of  New  Brunswick,  18%. 

Gibbs,  George. 

Bom  in  Newport,  R.  I.,  January  7,  1776;  died  in  Sunswick,  near  Halletts  Cove 
(now  New  York  City),  L.  I.,  August 6,  1833.  First  vi(!e-president  of  American  Geo- 
logical Society,  founded  in  1H19;  owner  of  one  of  the  finest  mineralogical  cabinets  of 
the  time. 

Gibbs,  George.     Lawyer  and  geologist.     Son  of  Col.  George  Gibbs. 

Bom  in  Sunswick,  near  Halletts  Cove  (now  New  York  City),  L.  I.,  July  17,  1815; 
died  in  New  Haven,  Conn.,  April  9,  1873.  Graduated  from  Harvard  University  and 
entere<l  upon  the  practice  of  law.  In  1848,  accompanied  military  expedition  to  the 
far  West,  and  settled  at  Columbia,  <^)reg.  ( Jeologist  to  survey  of  railnmd  n)ute  to 
Pacific;  in  1857,  appointed  on  northwest  lM)undary  survey,  submitting  report  on 
geology  and  natural  history  of  the  country.  Secretary  of  Hudson  Bay  Claims 
CVmimission;  for  some  time  l>efo re  his  death  connected  with  Smithsonian  Institution 
upon  ethnological  and  philological  work. 

Biogr.  J.  a.  Stevens.    .\nn.  Rept.  Smith.  Inst,  for  1M73,  pp.  211>-225. 

GiBHOX,  John  Baxnistek.     Jurist. 

Bf)rn  in  Carlisle,  Pa.,  Noveml>er  8,  17HG;  die<l  in  Philadelphia,  Pa.,  May  3,  1853. 
Graduated  from  Dickinson  College  in  1798  and  admitttnl  to  the  bar  in  l.S()3.  Wrote 
on  the  trap  ro<'ks  of  the  Conewajro  IHIIh. 
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(tilbert,  Grove  Karl.     Geologist. 

Born  in  Rochester,  N.  Y.,  May  6,  1843.  Graduated  from  University  of  Rochester, 
1862.  Assistant  in  Ward  Museum,  Rochester,  1863-1868;  geologist  on  Ohio  survey, 
1868-1870;  on  Wheeler  survey,  1871-1874;  Powell  survey,  1875-1879;  geologist  oo 
U.  S.  Geological  Survey  since  1879. 

Green,  Jacob.     Conchologist  and  paleontologist. 

Born  in  Philaclelphia,  Pa.,  July  26, 17iK);  died  there  February  1, 1841.  Gra*luat«l 
from  University  of  Pennsylvania  in  1806;  professor  of  chemistry  and  natural  hi.«rtory 
in  Princeton,  1818-1822;  })rofessor  of  chemistry  in  Jefferson  Medical  Coll^je,  Phila- 
delphia, until  his  death.     Wrote  on  chemistry,  paleontology,  and  botany. 

Blogr.  Win.  H.  Dall.    Some  Amer.  Concholojflste,  Proc.  Biolog.  Soc.  Wwhii.,  IV..  1886-^,  p.  104. 

Grinnell,  (fEowjE  Bird. 

Born  in  Brooklyn,  N.  Y.,  September  20,  1849.  Graduated  from  Yale  in  1870. 
Assistant  in  osteology  in  Pealxnly  Museum,  Yale,  1874-1880. 

Hager,  Albert  David.     Geologist. 

Born  in  Chester,  Vt,  November  1,  1817;  died  in  Chicago,  III.,  July  29,  1888. 
In  1855-1857,  assistant  State  naturalist  of  Vermont.  In  1857-1861,  assistant  State 
geologist.  In  1862-1870,  State  geologist  and  curator  of  the  State  ctabinet  of  natural 
history.  In  1870-1872,  State  geologist  of  Missouri.  In  1877-1888,  librarian  Chicago 
Historical  Society. 

Haoue,  Arnold.     Geologist. 

Born  in  Boston,  Mass.,  December  3,  1840.  Graduate<i  from  Yale,  1863;  studied  it 
universities  of  Gottingen  and  Heidelberg  and  Freiberg  School  of  Mines,  1863-1867. 
Geologist  on  Fortieth  Parallel  Survey,  1867-1877.  Government  geologist  of  Guate- 
mala, 1877-78;  engaged  in  examining  mines  in  northern  China,  1878-79;  since  1879 
a  member  of  U.  S.  Geological  Survey. 

Hague,  James  Duncan.     Mining  engineer. 

Born  in  Bonton,  Ma.**s.,  February  26,  1836.  Educated  at  Harvard  and  Gottingen, 
Germany,  and  Royal  School  of  Mine.**,  Freil>erg,  Saxony.  Exploring  in  South  Sea^. 
1H59-1H61;  nianagt*r  of  cop|)cr  mines  at  I^ike  Superior,  1863-1866;  gt»ologist  on  U.  S. 
(ieoloKical  Survey  fortieth  panillel,  1S()7-1870. 

IIaldkman,  Samuel  Stkiiman.     Naturalist. 

Horn  in  Loi'ust  (Jrove,  Ta.,  Au^'ust  12,  1S12;  diecl  in  Chiekies,  Pa.,  SeptemlxT  10, 
1880.  Assistant  to  11.  I).  Ko<rers  in  j^eolo^ical  survey  of  New  Jersey  ni  ls:{6;  astron- 
omer on  survey  of  rennsylvania,  1837-38.  In  1851-1855,  professor  of  natural  hi.<t«»rv 
in  Tniversitv  of  Pennsylvania;  in  1855,  became  profi*s8(»r  of  natural  history  in  I>vla- 
ware  College,  Dover,  Del.;  in  1.S(>9-1SS(),  professor  of  comparative  philolojry  in 
Uniyersity  of  Pennsylvania.  A  very  versatile  man  and  author  of  some  thirty  work? 
on  philolo<ry  and  one  hundred  and  t\yenty  on  various  natural  science  subjects. 

HioKF.  .1.  P.  Lesk-y.     Nat.  Acini.  .<<i..  Hio^.  Menis..  II,  1K,S*;. 

Will.  H.  Dull.     Soiiu'  AiiuT.  Cuiu'holoKists.  Proc.  Biohtg.  Soc.  Wii.'^hn.,  IV,  1h>«V-.s«   pp.  ll'i-113. 

ll.\i.L,  J.vMKs.     Paleontologist. 

Born   in    llin<j:l»ani,   Ma.<s.,  SeptenilnT   12,   1811;   died   in  lu'ho  Hill.   Bethlehem, 

N.  H.,  Au^Mist  7,  18i»S.     Stiidie<l  under  l^iton  at  Rens.'^elaer  Institute,  Troy,  when* 

he  \yits  snl»se(jnently  a.^^sistant  professor.     ('onnecte<l  with  ge<^)logical  survey  <»f  Ncv* 

York — first  as  assistant  to  Kinnions;  took  charge  of  fourth  district;  after  lS4li,  had 

cliart^e  of  entire  survey,  in  which  he  c<»ntiiined  until   his  death,  sometimes  carryiu:! 

on  work  at  his  nwn  expense.      Kesi<les  the  New  York  reports  he  c<»ntril)ut*'<l  to  ^\«^- 

ter  and  Whitney's   Report  nri   the    Lake  Superior   Region,  the  Mexican    l^»nn«lary 

Ki'port,  etc.     At  one  time  State  pM(ln«rist  of  I<»wa,  and  afti^rwards  of  NVi.^consin.     In 

Conjunction  with  li.  V.  Whitlield  he  pnhlished  important  memoirs  <»n  pale<»ntnlov'y 

of  Ohio,  Kentucky,  and  the  I'tirtieth  Parallel. 

Hiojrr.  .I<»liii  .1.  St»viiiv,,ii.     Hull.  «M'<tl.  .^«m\  of  .Vincritji.  X.  1.h\«.s,  j.ji.  -I'iVl.^)!, 
<M()|.  .Mji^'.,  I>«m-.  IV.  W  iv.»s.  |.    I'A. 
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Hall,  Jambb.    Clergyman. 

Born  in  Carlisle,  Pa.,  August  22,  1744;  (lie<l  in  Bethany,  N.  C,  July  25,  1826. 
Graduated  from  Princeton  University  in  1774.  Maintained  at  his  home  in  North 
Carolina  an  *' academy  of  sciences,"  in  which  he  was  the  only  teacher. 

Harlan,  Richard.     Physician  and  paleontologist. 

Bom  in  Philadelphia,  Pa.,  Septeinlier  19,  1796;  dietl  in  New  Orleans,  La.,  Sep- 
tember 30,  1843. 

Harper,  Lewis  (Ludwig  Hafner). 

Of  Hamburg,  Germany.  In  1855-1857,  professor  of  geology  and  agriculture  and 
State  geologist  of  Mississippi. 

Hartt,  Charlb)  Frederick.     Geologist. 

Bom  in  Fredericton,  New  Brunswick,  August  23, 1840;  dieil  in  Rio  Janeiro,  Brazil, 
March  18,  1878.  In  1864,  connected  with  geological  8ur\'ey  of  New  Brunswick.  In 
1865-1866,  geologist  on  the  Thayer  Expedition  to  Brazil.  In  1868,  appointed  professor 
.  of  natural  history  in  Vassar  College,  but  resigned  shortly  to  accept  chair  of  geology 
in  Cornell  University,  which  he  held  until  time  of  his  death.  In  1875,  appointed 
chief  of  the  geological  commission  of  Brazil. 

Biogr.  Q.  F.  Matthew.    Bull.  Nat.  Hist.  Soc.  of  X.  B.,  IX,  18W,  pF>.  1-24. 

Hawn,  Frederick.    Civil  engineer. 

Bom  in  Herkimer  County,  N.  Y.,  January  5,  1810;  died  in  leaven  worth,  Kans., 
January  31, 1898.     About  1851  appointed  by  Swallow  assistant  on  Missouri  geological 
gorvey,  and  gave  particular  attention  to  study  of  the  coal  regions.     Is  best  known  in 
connection  with  the  discovery  of  the  Permian  formation  in  Kansas. 
BiogT.  Q.  C.  Broadbead.    Am.  Qeol.,  XXI.  1898,  pp.  267-§9. 

Hay,  Robbbt.    Geologist. 

Bom  of  Scottish  ancestors,  May,  1835,  in  Lancashire,  England;  died  in  Junction 
City,  Kans.,  December  14, 1895.  Came  to  America  in  1871,  and  for  ten  years  taught 
in  the  public  schools.  In  1881  appointed  State  geologist  of  Kansas.  In  1890  geolo- 
gist in  charge  of  the  artesian  investigation  of  the  (treat  Plains  under  Department  of 
Agricnlture.  During  last  five  years  of  his  life  connecte<l  with  U.  S.  (xeologieal  Survey 
in  special  work  on  underground  waters  of  Kansas.  His  pajKjrs  were  about  thirty, 
principally  upon  geology. 

Blo^.  Robt.  T.  Hill.    Bull.  Geol.  Soe.  Amer..  VIII,  1H9<;,  pp.  370-74. 

Haybrn,  Fbrdinand  V^andiveer.     Geologist. 

Bom  in  Westfield,  Mass.,  Septeml)er  7,  1829;  die<l  in  Philadelphia,  Pa.,  December 
22, 1887.  Graduated  from  Oberlin  College  in  1850.  Assij^tant  to  James  Hall  in  1853; 
engaged  in  independent  geological  work  in  the  Wt*st,  1854-1856.  (Geologist  to  the 
Warren  Expedition  to  the  Yellowstcme  region  in  185Hand  to  the  Black  Hills  in  1857. 
In  1858,  with  Meek,  engaged  in  explorations  in  Kansas.  In  1859,  appointe<l  surgetm 
and  natoralist  to  exploring  party  under  Capt.  W.  F.  Kaynolds  at>out  the  headwaters 
of  the  Missouri.  In  1865-1872,  professor  of  ge<jlogy  and  mineralogy  in  University 
of  Pennsylvania.  In  1869,  api)ointe<l  United  States  gi^>logist  in  ^'harge  of  survey  of 
Nebraska,  and  in  1868  to  similar  |)osition  in  Wyoming.  In  18H9-1S79,  Director  V.  S. 
Geological  and  Geographical  Surveys,  and  from  1 880- 1886,  geologist  on  t'nite<l  States 
geological  surveys  under  J.  W.  Powell. 

Biogr.  C.  A.  White.    Mem.  Nat.  Acad.  !r>ci..  NovomlH»r.  IH^. 

Hatdbn,  Horace  H. 

Bom  in  Windsor,  Conn.,  October  13,  17<>8;  <lie<l  in  Biiltimore,  Md.,  January  26, 
1844.     Trained  for  profession  of  architect,  and  sul)se<|nently  became  pnu'ticing  <len- 
tist.     His  chief  claims  to  geological  recojjnition  lies  in  his  authorship  of  geolojrical 
lys  published  in  1820  and  two  papers  on  Im'al  jreolojry. 
BSogr.  Amer.  Journal  DenUl  S<ienrt*s,  IV.  No.  4.  IHU. 
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HiLDRETU,  Samuel  Prescott.     Physician. 
Born  in  Methuen,  Mass.,  September  30,  1783;  die<l  in  Marietta,  Ohio,  July  24, 

1863.  Settled  in  Ohio  at  Belpre  in  1806,  and  in  1808  removed  to  Marietta,  where  he 

began  the  first  meteorological  register  in  the  State,  keeping  it  up  lar  fifty  yearn. 

One  of  a  commission  of  three  in  1836  to  report  on  geological  survey  o£  Ohio.    Served 

as  assistant  geologist  for  a  time  under  Mather.     His  work  is  largely  of  an  historical 

nature. 

Biogr.  Chas.  Whittlesey,  Mag.  of  Western  History,  1881. 
Amer.  Journ.  Sei.,  XXXVI,  1863,  p.  312. 

HiLGARD,  Eugene  Waldemar.     Chemist  and  geologist. 

Born  in  Zweibrucken,  Rhenish  Bavaria,  January  5,  1833.  Came  to  America  in 
1835.  Educated  in  Germany,  returning  to  America  in  1855.  In  1855-1856,  assistant 
to  B.  L.  C.  Wailes  on  State  geological  survey  of  Mississippi.  In  1856-1857,  chemist 
of  the  Smithsonian  Institution  and  lecturer  on  chemistry  in  National  Medical  Col- 
lege. In  1858-1860,  State  geologist  of  Mississippi.  In  1865-1873,  professor  of  chem- 
istry at  University  of  Mississippi.  In  1873-1875,  professor  of  geology  and  natural 
history.  University  of  Michigan.  Since  1875,  professor  of  agricultural  chemistry  in 
University  of  California. 

Biogr.  Nat.  Cyclo.  Amer.  Biog.,  X,  p.  308. 

Hind,  Henry  Youle.    Chemist  and  geologist. 

Bom  in  Nottingham,  England,  June,  1823.  Educated  at  Leipzig  and  Cambridge. 
Came  to  America  in  1846  and  the  following  year  settled  in  Canada.  In  1851,  became 
professor  of  chemistry  and  geology  in  Trinity  College,  Toronto.  In  1857,  geologist  to 
Red  River  Tixploring  Expedition.  In  1868,  in  charge  of  exploration  of  country 
between  Red  River  and  Saskatcnewan.  In  1861,  made  explorations  in  Labrador, 
and  in  1864,  appointed  director  of  geological  survey  of  New  Brunswick.  Profe«sor 
of  chemistry  and  natural  history  in  Kings  College,  Nova  Scotia. 

Hitchcock,  Charles  Henry.     Geologist. 

Bom  in  Amherst,  Mass.,  August  23, 1836.  Graduated  from  Amherst  College,  1856. 
Assistant  State  geologist  of  Vermont,  1857-1861;  State  geologist  of  Maine,  1861-1862; 
State  geologist  of  New  Hampshire,  1868-1878.  In  1866,  elei^ted  professor  of  geology  in 
Lafayette  College.     Since  1868,  professor  of  geology  in  Dartmouth  College. 

Hitchcock,  Edward.     Geologist,  clergyman,  and  educator. 
Born  in  Deerfield,  Mass.,  May  23,  1793;  died  in  Amherst,  Mass.,  February  27, 

1864.  Educated  as  a  clergyman  and  settleil  over  a  Congregational  Church  at  Con- 
way, Mass.,  from  1821-1825.  In  1825-1845,  professor  of  chemistry  and  natural  history 
at  Amherst  College;  in  1845-1855,  president  of  Amherst  College;  in  1855-1864,  pro- 
fessor of  geology  in  Amherst  College.  In  18:iO-18:W  and  1841-1844,  State  geologist  of 
Massachusetts;  in  1S57-1860,  State  geologist  of  Vennont.  Is  best  remembered  for  him 
work  on  the  drift  and  the  fossil  footprints  of  the  sandstones  of  the  Connecticut  Valley. 

Biogr.  C.  H.  Hitchcock.    Am.  Geol.  XVI,  IH*^\  pp.  133-149. 
Pop.  Sci.  Monthly,  XLVIl,  Sept.,  IH9.\  pp.  (>8»-<)y6. 
Am.  Jour.  Sol..  XXXVII.  May,  1H64.  p.  :i02. 
Biogr.  Mem.s.,  Natl.  Acad.  Sci..  I.  1K77. 

IIoixjE,  Ja.mf>^  Til  ATCUKK.     ( Jeologint. 

Born  in  Plymouth,  Ma.>^s.,  March  12,  IHIO;  drownetl  in  Lake  Huron,  OctolxT  20, 
1871.  As.^iHtant  on  Statt*  i^i'olo^'ical  .survey  of  Maine  undorC.  T.  Jackson  and  on  tliat 
of  IVnnsylvania  under  II.  I).  lio^ers.  Also  served  on  j^eological  surveys  oi  New 
Hampshire  and  Ohio.  Was  eniira^'tMl  in  exploration  <»f  mining  rejfionn  of  Lake 
Su|)erior  when  drowned  in  wri'ck  of  steamer  Ji.  d.  ('ohunt,  on  Ijuke  Huron. 

Hoi,.mf:.s,  \Vili.i.\.m  Hknhv.      Kthnolo^'ist. 

liorn  in  Harrison  County,  Ohio,  iJecemlwr  1,  1S4().  (iraduaUnl  from  MeNeely 
Normal  Colhye,  1870.     A.^sistant  on  I'nite*!  Stat«'S  geological  survey  under  Hayden, 
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1872-1880;  geologist  on  United  States  survey  under  Powell,  1880-1889.  Curator, 
U.  S.  National  Museum,  1882-1893;  archaeologist  in  explorations  of  IT.  S.  Bureau 
EUinology,  1889-1898;  curator  anthropolojjy,  Field  Columbian  Museum,  1894-1898; 
head  curator  of  anthropology,  U.  S.  National  Museum,  1898-1904;  Director,  Bureau 
of  American  EthndlUgy,  since  1905. 

Hou<iHTON,  DouGLigB.     Explorer  and  geologist. 

Bom  at  Fredonii;N.Y., September  21,  1809;  drowned  near  mouth  of  Eagle  River, 

liake  Superior,  October  13,  1845.     Assistant  to  E^ton  in  natural  sciences  at  the 

Rensselaer  Poly^lldkiiic  Institute,  1828.     Admitted  to  practice  of  medicine  in  1831. 

Surgeon  and  botanist  to  the  Schoolcraft  Exploring  Expedition  to  the  source  of  the 

Mississippi  River;  State  geologist  of  Michigan,  1837-1845. 

Biogr.  Alvah  Bradi«h.    Mem.  of  Douglas  Houghton,  Detroit,  1889. 
Alex.  Wiiichell.    Am.  Geol.,  IV,  Sept.,  1889.  pp.  129-139. 
Am.  Jour.  Scl.,  V,  1M8,  pp.  217-227. 

Howell,  Edwin  Eugene. 

Bom  in  Genesee  County,  N.  Y.,  March  12,  1845.  In  1872-1873,  geologist  with 
Wheeler  survey  west  of  one-hundredth  meridian.  In  1874,  connected  with  the 
Powell  sur\'ey  of  Rocky  Mountain  region. 

Hubbard,  Bela. 

Bom  in  Hamilton,  Madison  County,  N.  Y.,  April  23,  1814;  died  in  Detroit,  Mich., 
June  13,  1896.     Graduated  from  Hamilton  College  in  1834.     Removed  to  Detroit, 
Mich.,  in  1835.     Assistant  State  geologist  of  Michigan,  18:^8-1841. 
BiogT.  Mag.  of  Western  History,  IV,  1886. 

Hubbard,  Oliver  Pavson.     Chemist. 

Bom  in  Pomfret,  Conn.,  March  31,  1809;  died  in  New  York  City,  March  9,  1900. 
Aaeistant  to  B.  Silliman  in  chemistry  at  Yale,  1831-1836.     In  1836-1866,  professor  of 
chemistry,  mineralogy,  and  geology  in  Daniionth  College,  Hanover,  X.  H.     Lecturer 
on  chemistry  and  pharmacy  at  same  institution,  1866-1883. 
Biogr.  E.  O.  Hovey.    Am.  (leol.,  June.  1900,  p.  360. 

Hunt,  Tho.mah  Sterrv.     Chemist. 

Bom  in  Norwich,  Conn.,  Septeml>er  5,  1826;  died  in  New  York  City,  February  12, 

1892.     In  1846-47,  chemist  to  the  geological  8ur\'ey  of  Vermont  under  C.  B.  Adams. 

In  1847-1872,  chemist  and  mineralogist  to  the  geological  survey  of  Canada.     In  185^ 

1862,  lecturer  on  chemical  geology  in  Laval  University  of  Quebec;  subeeciuently  pro- 

feeeor  of  chemistry  and  mineralogy  in  McGill  University,  Montreal.     In  1872-1878, 

professor  of  geology  in  Massachusetts  Institute  of  Technology. 

Biogr.  Persifor  Fmzer.    Am.  Geol..  XI,  1M93.  pp.  1-13. 
Canadian  Record  of  Science,  V.  1892-93.  pr».  145-149. 

Hyatt,  Alphei's.     Biologist  and  paleontologist. 

Bom  in  Washington  City,  April  5,  1888;  died  in  Cambridge,   Mass.,  January  15, 

1902.     In  1867,  curator  in  l^^sex  Institute,  Salem,  Mass.     In  1871,  ele<ted  custo<lian 

of  the  Boston  Society  of  Natural  History,  and  in  1881,  curator;  professor  zoology  and 

paleontology  in  the  Massachusetts  Institute  of  Technology. 

Biogr.  R.  S.  Tarr.     Pop.  S<i.  Monthly,  Dec.,  1HH5.  pp.  261-267. 
W.  O.  CroBby.    Bull.  Geol.  Soc.  Amer.,  XVI,  1903. 

Ikving,  Roland  Dier.     Geologist. 

B<»rn  in  New  York,  April  29,  1847;  diinl  in  Madison,  Wis.,  May  30,  1888.  Began 
active  life  as  suijerintendent  of  smelting  works  at  Greenville,  N.  J.  Assistant  on 
State  geological  survey  of  Ohio.  In  1870-1888,  professor  of  geology,  mineralogy,  and 
metallurgy  in  I'niversity  of  Wis<'onsin.  In  1H7.S-1879,  assistant  geologist  on  g*H)logi- 
cal  sur\'ey  of  Wisconsin.  In  1880-1888,  connected  with  U.  S.  GtN>logical  Survey, 
working  in  I^ake  Superior  region. 

Bio^r-  T.  ('.  Chamborlin.    Am.  Geol..  Ill,  1»89,  pp.  1-6. 
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Jackhon,  CHARLh>4  TiioMAS.     Gcolo^rist  and  chemist. 

Born  in  Plymouth,  Mass.,  June  21,  1805;  died  in  Somerville,  Mass.,  Au^^ust  28, 
1880.  Educatcil  as  physician,  but  early  showed  inclination  toward  geologfical  work. 
In  1827-28,  nia<ie  geological  explorations  in  Nova  8i*otia  in  company  with  Francis 
Alger.  In  1837-1839,  State  geologist  of  Maine.  In  1839-40,  State  geologist  of  Rhode 
Island.  In  183^1843,  State  geologist  of  New  Hampshire.  In  1847,  appointed  a  United 
States  geologist  to  investigate  mineral  land  of  Lake  Superior  region.  Appointed  one 
of  the  State  geologists  of  New  York,  but  decline<i. 

Biogr.  J.  B.  Woodworth.    Am.  Geol.,  XX,  1897,  pp.  69-110. 

Ja.mes,  Edwin.     Physician. 

Bom  in  Weybridge,  Vt.,  August  27,  17*97;  died  near  Burlington,  111.,  October  28, 
1861.  In  1820,  attached  in  capacity  of  botanist  and  geologist  to  Long's  exploring 
expedition  to  sources  of  St.  Peters  River. 

Biogr.  Am.  Jour.  Sc-i..  XXXIII,  1862,  p.  428. 

James,  Uriah  Piersox.     Paleontologist. 

Born  in  Goshen,  Orange  County,  N.  Y.,  Deceml>er  30,  1811;  died  near  Loveland, 
Ohio,  February  25,  1889.     Began   life  as   printer  and   stereotyper  and   afterwards 
became  publisher,  in  which  profession  he  continued  till  the  time  of  his  death.     His 
work,  almost  wholly  paleontological,  was  done  during  spare  moments. 
Bingr.  American  Geologist,  III,  No.  5,  1889,  pp.  2S1-285. 

Johnson,  Walter  RiKiERs.     Chemist. 

Bom  in  Leominster,  Mass.,  June  21, 1794;  die<l  in  Washington  City,  April  26,  1852. 
Prior  to  1836  a  teacher.  In  1836-37,  made  a  survey  of  coal  and  iron  formations  of 
Pennsylvania.  In  1839-1843,  professor  of  physics  and  chemistry,  University  of  Penn- 
sylvania. In  1843-44,  Govenmient  expert  on  relative  value  of  coals.  In  1845,  chemist 
at  Smithsonian  Institution.  Founder  of  American  Association  of  Nataralists  and 
Geologists. 

Biogr.  Lamb'M  Biogr.  Diet,  of  V.  S. 

Keating,  William  IIypolitis.     Chemist. 

Born  in  Wilmington,  Del.,  August  11,  1799;  died  in  London,  England,  May  17, 
1840.     In  1822-1828,  professor  of  chemistry  in  University  of  Pennsylvania,  and  in 
1823,  accompanied  Maj.  S.  H.  Long  in  exi>edition  to  sources  of  the  St.  Peters  River. 
Biogr.  Lamb's  Biogr.  Diet,  of  V.  S. 

Kerr,  WAsiiiN(iTON  Caruthers.     (icologist. 

Born  in  the  Alamance  regioir  of  Guilford  County,  N.  C,  May  24,  1827;  die<i  in 
Asheville,  N.  C,  August  9,  1885.  At  one  time  professor  in  Marshall  University, 
Texas,  resigning  in  1852  to  l>ecoine  a  computer  in  the  office  of  the  Nautical  Almanac. 
In  1857-1865,  professor  in  Davidson  College,  North  Carolina.  In  1866-1882,  State 
geologist  of  North  Carolina.     In  1882-83,  conn(»cted  with  the  U.  S.  Geological  Survey. 

Biogr.  J.  A.  Holmes.  Joiirn.  Elisha  Mitchell  Scientific  Soc.  Part  II,  1887,  pp.  1-24. 

KiNc;,  Clarence,     (ieologist. 

Born  in  Newport,  R.  1.,  January  (\,  1842;  died  in  Pha»nix,  Ariz.,  December  24, 
MM)!.  (;ra<luated  at  Shcttichl  Scientific  School  in  1W)2.  In  1863,  made  a  horseha<-k 
jniiriu'v  a<n»ss  the  continent,  an<l  for  three  years  wa*^  volunteer  assistant  to  Pn)f. 
J.  I).  \\'hit!iey  on  the  jreolo^ical  survey  of  California.  During  18*>5-66,  ma<Ie  an 
expl<»ration  of  the  <lesert  re^'ions  of  s(nithern  California  and  .\rizona  as  scientific  aid 
to  General  McOowell.  In  1S()(W>7.  or<rani/ed  the  (ieological  Survey  of  the  40th  Par- 
allel and  was  ai>point(Ml  <lirertor.  Kroni  IS?*.*  until  ISSl,  <lirect4»rof  the  newly  organ- 
ized r.  S.  ( ieolo^'ical  Survey. 

KioK'T.  S.  K.  Knunnnv.  Ain.  .loiir.  Sci.,  Mnnli.  19  >J,  \>]>.  S2i  '2M. 

S.  K.  Emmons.  Kiir.  and  Min.  .lonr..  ]»«•<•.  >.  11MH.  |>.  Ml;  .Ian.  4,  190*2.  pp.  1.  8. 
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King,  Franklin  Hiram. 

Bom  in  Whitewater,  Wis.,  June  8,  1848.  (iracluated  from  State  Normal  S<'hof>l, 
Whitewater,  in  1872.  On  WiHeonsin  jjeolo^jical  survey,  1873-187H;  pn)fessor  of  nat- 
ural sciences,  River  Falls  State  Normal  School,  1878-1888;  since  1888,  professor  of 
agricultural  physics  at  University  of  Wisconsin. 

KiTCfiBLL,  William.     Geologist. 

Bom  in  East  Madison,  N.  J.,  April  21, 1827;  (Ue<l,  Deceml>er  29,  mil.  Studieci  medi- 
cine, but  did  not  engage  in  its  practice.  Taught  natural  siriences  in  Newark  Institute, 
and,  about  1850,  went  to  Europe  and  studied  in  the  Mining  School  at  Freiberg, 
Germany.     In  1854-1856,  State  geologist  of  New  Jersey. 

Lapham,  Increase  Allen.     Naturalist. 

Bom  in  Palmyra,  N.  Y.,  March  7,  1811;  died  near  Oconomowo<!,  Wis.,  Septemlier, 
1876.  An  all-round  scientist  and  educator;  author  of  many  [>apers  on  botany,  clima- 
tology, archaK)logy,  cartography,  and  geology.  Chief  geologist  of  Wisconsin,  1873- 
1875.' 

BiogT.  N.  H.  Winehell,  Ameriran  Geologist,  XIII,  18W,  pp.  1-3S. 

Lea,  Isaac.     Conchologist  and  mineralogist. 

Bom  in  Wilmington,  Del.,  March  4,  1792;  tlied  in  Philadelphia,  Pa.,  Dwemlwr 
8,  1886^  Trained  to  mercantile  life  in  Philadelphia,  retiring  from  business  in  1851. 
Wai?  an  authority  on  the  Unionidjc,  of  which  he  made  a  very  lai^e  collection,  subse- 
quently willed,  together  with  his  large  and  valuable  colk»ction  of  minerals  and  gems, 
to  the  Smithsonian  Institution,  in  Wa*«liington. 

BiojfT.  Pop.  Science  Monthly.  July,  IMM.  pp.  404-411. 

Wm.  H.  Dall,  Some  American  (\>ni'hologisU5.    Proc.  Biol.  Soc.  Wa.shington,  IV,  1886-8S,  pp.  llH-120. 

Le  Coxte,  John  IjAwrenck.     Naturalist. 

Bom  in  New  York,  May  3,  1825;  died  in  Philadelphia,  Pa.,  November  15,  1883. 
His  work  wa«  mainly  in  entomology. 

Lb  Coxte,  Joseph.     Phvsician  and  naturalist. 

Bom  on  Woodmanston  plantation,  Lil)erty  County,  Ga.,  Febniary  26,  1823;  died 
in  Yoeemite,  Cal.,  July  6, 1901.  Of  Huguenot  and  Puritan  ancestry.  In  1845,  gradu- 
ated from  College  of  Physicians  an<l  Surgeons  in  New  York  and  l)ecame  practicing 
physician  in  Georgia.  In  1850,  studietl  at  Cambridge  under  Aga.s8iz;  in  1852,  profes- 
sor of  science  at  Oglethorpe  University,  Midway,  Ga. ;  in  1853-1856,  professor  of 
natural  history  at  University  of  Georgia,  Athens,  (Ja. ;  in  1857-1868,  pn)fessor  of 
chemistry  and  geology  at  South  Carolina  College,  Columbia;  in  1S69,  called  to  Uni- 
versity of  California  to  till  chair  of  botany,  z(K)logy,  and  geology,  remaining  there 
until  his  death.  A  voluminous  writer  on  geology  and  kindre<l  subjects. 
Bio^.  S.  B..rhristy.  TranH.  Amer.  Inst.  Min.  Engs..  XXXI.  VJ02,  pp.  7r»o-793. 

Leidy,  Jokkph.     Vertebrate  ])aleont<»logist. 

Born  in  Philadelphia,  Pa.,  SejUemlHT  9,  1823;  died  in  Philadelphia,  Pa.,  August 
30,  1891.  Educate<l  as  a  physician,  and  in  1844,  a,**sistant  in  chemical  lalH)ratory  of 
Doctors  Hare  and  J.  B.  Rogers.  In  1846,  (lemrmstrdtor  of  anatomy  in  fhe  Franklin 
Medical  College.  In  1852,  substitute^!  for  Doctor  Horner  as  professor  of  anatomy  in 
the  University  of  Pennsylvania,  and  in  1853,  on  the  death  of  Doctor  Horner,  electe<l 
to  full  professorship.  In  1871,  apiH)inte<l  profes.»for  of  natural  history  in  Swarthmort* 
College.  Was  one  of  the  first  Americans  to  take  up  the  study  (»f  vertebrate  fossils, 
and  was  prominently  iclentified  with  the  early  Hayden  and  other  western  geological 
and  geographical  surveys. 

BiQgr.  E.  J.  N«.Iftn.  Pop-  ^^'i-  Monthly.  XVII.  Sept.  IKso.  pp.  6K1-91. 
Lesley,  J.  Peter.     To|)ographer  and  giH)logist. 

Born  in  Philadelphia,  SejjtemlM'r  17,  181H,  of  S<'otch  extraction;  tlied  in  Milton. 
Mass.,  June  1,  1903.  In  18.3^»-1S41,  assistant  on  the  State  survey  of  Pennsylvania 
under  H.  D.  Rogers,  mainly  in  the  capacity  of  toj)ogra])her.     In  1847,  became  imstor 
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of  a  Congregational  Church  in  Milton,  Mass.  This  he  soon  resigned,  and  thereafter 
devoted  himself  to  science.  Was  United  States  commissioner  at  the  Paris  Exposition 
in  1867.  In  1872,  professor  of  geology  and  dean  of  faculty  in  stdentific  department  of 
the  University  of  Pennsylvania.  In  1874,  chief  geologist  of  the  second  geological 
survey  of  Pennsylvania. 

Biogr.  Pop.  Sci.  Monthly,  Sept.  1884,  pp.  693-5. 

Bull.  Geol.  8oc.  Amer..  XV,  1904,  p.  532. 

Perelfor  Frazer  in  American  Geologist,  XXXII,  No.  3,  1903,  pp.  132-6. 

Lesquekeux,  Leo.     Botanist  and  paleobotanist. 

Bom  in  Fleurier,  Neuchatel,  Switzerland,  November  18,  1806;  died  in  Columbus, 

Ohio,  October  25,  1889.     Came  to  America  in  1H48  and  worked  first  at  Boston  with 

Agassiz  and  subsequently  with  Sullivant  in  Columbus,  Ohio.     Serveil  as  paleol)otani8t 

on  geological  sur\'ey8  of  Pennsylvania,  Ohio,  Illinois,  Kentucky,  and  Arkansas;  also 

in  a  similar  capacity  on  the  U.  S.  Geological  Survey  under  F.  V.  Hayden. 

Biogr.  Edward  Orton,  American  Geologist,  V.  1890,  pp.  284-296. 

L.  R.  McCabe  in  Pop.  Sci.  Monthly,  XXX,  Apr.  1887,  pp.  835-40;  XXXVIll,  Dec.  1889,  p.  288. 

Libber,  Oscar  Montgomery.     Geologist. 

Bom  in  Boston,  Mass.,  September  18, 1830;  died  in  Richmond,  Va.,  June  27, 1862. 
In  1850-51,  State  geologist  of  Mississippi;  in  1854-55,  State  geologist  of  Alabama; 
and  in  1856-1860,  State  geologist  of  South  Carolina. 
BioR.  Lamb's  Biog.  Diet,  of  U.  S. 

Little,  George.  Geologist. 

Bom  in  Tuscaloosa,  Ala.,  Febniary  11,  18i^.  Graduated  from  University  of  Ala- 
bama in  1856;  professor  natural  sciences,  Oakland  College,  Mississippi,  1860-61; 
State  geologist  of  Mississippi,  1866-1872;  professor  of  mineralogy  and  geology,  Uni- 
versity of  Mississippi,  1866-1874  and  1881-1889;  State  geologist  of  Georgia,  1874-1881 ; 
professor  of  geology  and  agriculture.  University  of  Georgia,  1878-1880. 

Litton,  Abram.     Chemist. 

Bora  in  Dublin,  Ireland,  May  20,  1814;  died  in  St.  Umls,  Mo.,  Septeml)er  23,  1901. 
Came  to  America  about  1817.  For  two  seasons  connected  with  geological  survey 
under  D.  D.  Owen,  and  reported  on  lead  mines  of  southeast  Missouri  in  the  Second 
Annual  Report  of  the  State  Survey. 

L<x:ke,  John. 

Bom  in  Lemj^ster,  N.  H.,  February  19, 1792;  died  in  Cincinnati,  Ohio,  July  10, 1856. 
By  profession  a  i>hy8ician  and  teacher.  In  18:15-36,  professor  of  chemistry  in  the 
Medical  College  of  Ohio.  In  1837-1839,  assistant  to  W.  W.  Mather  on  the  State  geo- 
logical survey  of  Ohio.  In  1839-1844,  assistant  to  D.  I).  Owen  in  the  survey  of  the 
mineral  lands  of  the  United  States.  In  1847-48,  aid  to  Jackson  in  surveys  of  the 
mineral  lands  of  Michigan.  More  widely  known  for  his  magnetic  and  astronomical 
researches  than  as  a  geologist. 

Biogr.  N.  H.  Winchell.  AmericHii  Geologist,  XIV,  ISW,  pp.  341-56. 
IxhjAN,  William  Edmond.     Geologist. 

Born  in  Montreal,  Canada,  April  20,  1798;  die<l  in  Castle  Malgwyn,  LUH:hry<l, 

Smth  Wales,  June  22,  1875.     ^/hlcate<l  in  Scotland  and  j)asHed  his  early.manhotxl  in 

England  and  Wales,  but  returnrd  to  America  in  1840.     Dn     ig  1842-1870,  din^'tor 

of  the  ^eolojxical  survey  of  Cana<la.  Kt  i  i' 

Bio^r.  H.  .1.  Hiirriugtini.  Life  of  Sir  Win.  K.  L«»uan.  Muntreftl,  IHsa.  '^"AKm*  (k'ol.  .Sk-,  Lomtoii  ami 
CHiiatliaii  Naturalist,  u.  srr..  VIII.  No.  1,  l>»7.->, 

M.v(  KAKLANK,  Jamks.      Lawvcr. 

Born  in  GcttyH])tir^,  Pa.,  ScptcinlKM-  2,    1S19;  dird   in  Towanda,    Pa.,  0<-t<»lHT  1-. 
1S85.     Kii^intHTof  tlu*  North  Branch  Canal;  a  h-adinir  tncinlMT  (»f  tin*  bar  at  Towanda: 
a  stK'ces'ifnl  coal   operator  and   railway   Imihlcr.     Author  of  The  Coal  Kogions  of 
America  and  An  American  (Geological  Railway  (iui<le. 
Bi«»Kr.  I.  ('.  White,  AnuTicaii  (ieoloKist,  VII,  is'ji,  j.p.  HVl  I'j. 
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Maclurb,  William. 

Bom  in  Ayr,  Scotland,  in  1763;  died  in  San  Angel,  Mexico,  March  23, 1840.    Came 

to  America  at  the  age  of  19  on  mercantile  business  but  returned  almost  immediately 

to  London,  where,  as  partner  in  Ihe  house  of  Miller,  Hart  &  Co.,  he  remained  until 

1796,  accumulating  a  considerable  fortune.     In  the  last-nameil  year  he  again  came 

to  America  and,  it  is  said,  took  out  naturalization  papern.     He  was  a  liberal  patron 

of  science  and  for  twenty-two  years,  beginning  with  December,  1817,  was  president 

of  the  Philadelphia  Academy  of  Natural  Sciences,  to  which  institution  he  donated 

his  valuable  private  library  and  $25,000  in  money. 

Biogr.  6.  G.  Morton,  Mem.  of  Wm.  Maclure,  read  July  1, 1841,  and  publiBhed  by  direction  of 
Philadelphia  Academy  of  Sciences. 

Marcou,  Jules.    Geologist. 

Bom  in  Salins,  Jura,  France,  April  20, 1824;  dieil  in  Cambridge,  Mass.,  April  17, 1898. 
Came  to  America  in  1847  and  was  associated  for  a  time  with  Louis  Agassiz.  In  1853 
entered  United  States  service  and  was  one  of  the  geologists  of  the  Pacific  Railroad 
Survey  of  the  thirty-fifth  parallel,  and  the  author  of  a  geological  maj)  of  the  United 
States.  In  1853  returned  to  Europe  and  was  professor  of  geology  in  the  Polytechnic 
School  of  Zurich  until  1859.  In  1860-1864,  in  charge  of  division  of  paleontology  of 
the  Museum  of  Comparative  Anatomy,  Cambridge. 

Marcy,  Oliver.     Edui»t<3r. 

Boni  in  Coleraine,  Mass.,  Febniary  18,  1820;  died  in  Evanston,  111.,  March  19, 
1S99.  Instructor  in  mathematics  and  geology  at  Wilbraham,  Ma>«.,  for  sixteen  years 
prior  to  1862,  when  he  was  elected  professor  of  natural  sciences  in  Northwestern 
University,  at  Evanston,  111. 

Biogr.  A.  R.  Crook.  American  Geolosri^l,  XXIV,  IKW,  pp.  tM-72. 

Maiwh,  Othniel  Charles.     Vertebrate  paleontologist. 

Bom  near  Ixx*kport,  N.  Y.,  Octol)er  29,  1881;  died  in  New  Haven,  Conn.,  March 
18,  1899.  Professor  of  vertA'brate  paleontology  in  Yale  College  from  1866  to  time  of 
death.  Vertebrate  imleontologist,  U.  S.  (Geological  Survey,  1882-1899.  Honorary 
curator  vertebrate  paleontology,  U.  8.  National  Mui<eum,  1894-1899.  Since  1870 
identified  with  explorations  in  the  West,  and  chiefly  instrumental  in  bringing  together 
the  laiige  and  valuable  collection  of  vertebrate  remains  now  in  the  National  Museum. 
Biogr.  C.  E.  Beecher.  Am.  Jour.  8ci.,  VII.  1899,  pp.  4(»-28. 

Marvinb,  Archibald  Robertson.     Geologist. 

Bom  in  Auburn,  N.  Y.,  September  26,  1848;  died  in  Washington  City,  March  2, 
1876.  In  1870,  assistant  geologist  to  the  Santo  Domingo  exi)edition.  In  1871, 
astronomer,  and  afterwards  geologist  to  the  Wheeler  sur\'ey>*  west  of  the  one  hundredth 
meridian.  In  1872,  with  Professor  Pumpelly  in  the  Keweenaw  copper  district  of 
Lake  Superior,  and  from  1873  until  his  death,  connected  with  the  U.  S.  (Geographical 
and  Geological  Surveys  under  F.  V.  Hayden. 

Biogr.  Pop.  Sci.  Monthly.  IX,  1876,  p.  383. 

Biogr.  J.  W.  Powell,  Bull.  Philoe.  Soc.  WaahlnKton.  II.    1874-1878.    Appendix  X.  p.  (53), 

G.  K.  Gilbert,  Am.  Jour.  Set.,  XI,  1876.  p.  424. 

Mather,  William  Williams.     Geologist. 

Bom  in  Brooklyjh  N.  Y.,  May  24,  1804;  die<l  in  Columbus,  Ohio,  February  26, 
1859.  Trained  at  Y%  '  ^^'^int  Military  Academy.  In  1829-1835,  assistant  professor  in 
chemistry,  mineralogy ,  and  geology  at  that  academy.  In  1833,  professor  of  geology 
at  Wesleyan  University,  Middletown,  Conn.  In  18ii5,  assistant  to  G.  W.  Featherston- 
haugh.  For  a  short  period  professor  of  chemistry,  mineralogy,  and  geology  in  the 
University  of  Louisiana.  In  1836-1846,  in  charge  geological  survey  first  district,  State 
of  New  York.  In  1837-1839,  State  geologist  of  Ohio,  and  made  geologitral  reconnais- 
aance  of  Kentucky  in  1838-39.  In  1842-1850,  connected  with  the  Ohio  University  at 
Athens,  Ohio,  in  capacity  of  professor  of  natural  sciences,  or  vice-president  and  act- 
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ing  president.     Acting  professor  of  geology  at  Marietta  College,  1846.     Agricultural 
chemist  to  the  State  and  secretary  of  the  State  board  of  agriculture,  Ohio,  1850-1854. 
Biogr.  Lamb'8  Diet,  of  the  U.  S. 

Mesk,  Fielding  Bradford.     Paleontologist. 

Bom  in  Madison,  Ind.,  December  10,  1817;  died  in  Washington  City,  December 
21,  1876.  Assistant  to  D.  D.  Owen,  surveys  of  Iowa,  Wisconsin,  and  Minnesota, 
1848-49.  Assistant  to  James  Hall,  1852-1858.  Associated  with  F.  V.  Hayden  on 
the  Western  Surveys  1)eginning  with  1853.  In  1858,  removed  to  Washington,  where 
he  continued  to  reside  until  his  death. 

Biogr.  C.  A.  White,  Mem.  Nat.  Acad.  Scl.,  1896. 

Mitchell,  Elisha.     Naturalist. 

Bom  in  Washington,  Conn.,  August  19,  1793;  died  on  Black  Mountain,  N.  C, 
June  27,  1857.  Professor  of  mathematics.  University  of  North  Carolina,  1818  until 
his  death,  which  was  the  result  of  an  accident  while  exploring  what  is  now  known 
as  Mount  Mitchell  in  North  Carolina.  He  was  an  all-round  naturalist,  and  remem- 
bered for  his  works  on  the  geology  and  general  natural  history  of  the  State  and  the 
Mount  Mitchell  localities  in  particular. 

Biogr.  Journal,  Elinha  Mitchell.  8oi.  Soc,  1, 1884,  p.  6. 
Obit.  Amer.  Jouni.  Sci.  XXIV.  1857.  p.  299. 

MiTCHiLL,  Samuel  Latham.     Naturalist. 

Born  in  North  Hempstead,  Long  Island,  August  20, 1764;  died  in  New  York  City,  Sep- 
tember 7, 1831.  Educated  as  a  physician.  In  1792-1801,  professor  of  natural  history, 
chemistry,  and  agriculture  in  Columbia  College.  In  1801-1813,  served  in  Congress. 
In  1808-1820,  professor  of  natural  sciences  in  College  of  Physicians  and  Surgeons,  and 
later  professor  of  materia  medica  and  botany  in  the  same  institution.  An  extremely 
versatile  and  gifted  man,  and  one  of  the  founders  of  the  Society  for  the  Promotion  of 
Agriculture,  Manufacture,  and  the  Useful  Arts,  in  1793. 

Bio^r.  H.  L.  Fairchild,  History  New  York  Acad.  8ci.,  1887.  p.  57. 

Morton,  Samuel  (teorge.     Conchologist  and  paleontologist. 

Bom  in  Philadelphia,  Pa.,  January  26,  1799;  died  in  Phila^lelphia  May  15,  1851. 

Trained  for  mercantile  career.    Graduated  at  Tniversity  of  Pennsylvania  in  uiedicine 

in  1820,  and  afterwards  studied  in  Europe.    Practiced  medicine  in  Philadelphia.    His 

synopsis  of  organic  remains  in  the  Cretaceous  formation  of  the  United  States  gave 

him  scientific  reputation.     In  1839-1843,  professor  of  anatomy  in  Pennsylvania  Me<li- 

cal  College.     President,  Philadelphia  Academy  National  Sciences  in  1849. 

Biof^T.  Wm.  H.  Dall.    Some  American  Concholog1ftt«.    Piw.  Bio.  Soc.  of  Watihington,  IV,  1866--8, 
p.  la*). 

MuDOE,  Benjamin  Franklin.     Chemist  and  geologist. 

Born  in  Orrington,  Me.,  August  11,  1817;  died  in  Manhattan,  Kans.,  November 
21,  1879.  txlucated  as  a  lawyer.  During  1859-60,  employed  as  chemist  in  oil  refin- 
eries. In  1864,  appointed  State  geologii*t  of  Kansas.  In  1865-1873,  professor  of  natural 
history  in  the  Kansas  Agricultural  College. 

Biogr.  S.  W.  Willintoii.     American  Geologist,  XXIII.  No.  6,  1899,  pp.  339-345. 

Mi'RRAY,  Alexander,     (ifologist. 

Born  at  DoIUtIc  Houhc,  Crieff,  in  Perthshire,  Scotlan*!,  June  2,  IHIO;  die<l  there, 
IV('eni})er  16,  1SS4.  Came  to  Canada  in  1H4;^  a.s  a.«sistant  to  Ix)gaii  <>n  jri*ol()jrical  sur- 
vey of  Canada.  From  18^>4  to  ISSU,  engage<l  in  making  geological  t*urvey  of  New- 
foundland. 

Bi<>gr.  KolK-Tt  Hell.    ('Hnadian  Record  uf  S<-ien«e.  V,  lHS*2-3.  ]»p.  77-%. 

MiTRRisH,  John  M. 

Born  in  Cornwall,  England,  Mareh  s,  ISLM);  die<l  in  Mazonianie,  Wis.,  August  17, 
188(5.  Was  Hni>erinteinlent  of  mine  in  Cornwall.  Came  to  .Vnierica  and  w»ttlo<l  at 
Mineral  P(»int,  Wi.'i.,  about   1848.     In  1860  riMnoviHl  to  Mazomanie,  Wis.,  where  he 
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engaged  in  mercantile  pursuits  in  1865.     In  early  life  a  regularly  onlained  preacber 
b  the  Protestant  Methodist  Church.     State  geologist  of  Wisconsin  in  1870. 
BiogT.  Mazomanle,  Win.,  "Sickle,"  Aug.  21. 1886. 

Xewberry,  John  Stron(}.     Stratigraphic  geologist  and  paleontologist. 

Bom  in  Windsor,  Conn.,  December  22,  1822;  died  in  New  Haven,  Conn.,  December 
7, 1892.  Received  degree  of  M.  D.  from  Cleveland  Meiiical  School  in  1848.  Prac- 
ticed medicine  in  Cleveland,  1851-1854.  (ieologist  with  Lieutenant  Wilkinson's  party 
in  Pacific  Railroad  survey,  1855;  with  Lieutenant  Ives  in  exploration  of  Colorado 
lUver  in  1857;  with  Captain  Macomb's  party  in  Mexico  in  1859.  From  1866  to  the 
time  of  his  death  professor  of  geology  and  paleontology  in  Columbia  College,  New 
York  City.     In  1869-1884,  State  geologist  of  Ohio. 

Bio^r.  J.  J.  Stevenson.    Am.  Geologist,  XII,  1893,  pp.  1-26. 
J.  F.  Kemp.    School  of  Mine8  Quarterly,  1893. 
H.  L.  Fairchlld.    Hist.  N.  Y.  Acad.  Sciences,  1887. 

Newton,  Henry.     Geologist. 

Bom  in  New  York,  August  12,  1845;  died  in  Black  Hills  of  Dakota,  August  5, 1877. 
(iraduated  from  College  of  City  of  New  York  and  from  Cohnnbia  College  (School  of 
Mines).  In  1869-1876,  assistant  in  metallurgy  and  geology  at  Columbia.  Assistant 
geologist  of  Ohio  geological  survey  and  in  1876,  assistant  engineer  on  Black  Hills 
expedition.  In  1877,  was  appointed  professor  of  mineralogy  and  metallurgy  in  Ohio 
State  University,  but  did  not  live  to  fill  that  chair. 

NiLEH,  William  Harmon.     Geologist  and  educator. 

Bom  in  Northampton,  Mass.  Educated  at  Harvard  and  Yale.  Professor  of  physical 
geology  and  geography  in  the  Massachusetts  Institute  of  Technology,  1871-1878; 
professor  of  geology  and  geography,  1878-1902. 

Norwood,  Joseph  Gr.\nville.     Physician  and  paleontologist. 

Bom  in  Woodford  County,  Ky.,  December  20,  1807;  died  in  Columbia,  Mo.,  May  6, 
1895.  Eiducated  as  a  physician.  In  1840-1843,  professor  of  surgery  in  Madison  Medical 
Institute,  Indiana.  In  184.'^-1847,  professor  of  medicine  in  the  St.  Louis  University. 
In  1847-1851,  assistant  geoU^st  with  D.  D.  Owen  on  the  surveys  of  Wisconsin,  Iowa, 
and  Minnesota.  In  1851-1858,  State  geologist  of  Illinois.  In  1858-1860,  assistant  geol- 
ogist of  Missouri.  In  1860-1870,  professor  of  geology,  chemistry,  and  natural  sciences 
in  University  of  Missouri.     Writings  on  geology  mainly  of  a  paleontological  nature. 

Biogr.  G.  C.  Broadhead.    Amer.  Geol.,  XVI,  No.  2,  Aug.,  1896,  p.  fi9. 

Olmsted,  Denison.     Educator. 

Bom  in  East  Hartford,  Conn.,  June  18,  1791;  died  in  New  Haven  May  13,  1859. 

He  was  graduated  from  Yale  in  1813.     Tutor  there,  1815-1817.     In  1817,  appointed 

professor  of  chemistry  in  the  University  of  North  Carolina.     In  1824-25,  engaged  in 

making  a  geological  and  mineralogical  survey  of  North  Carolina.     During  1825  to 

1835,  professor  of  inathematics  and  natural  philosophy  in»YaIe.     Fnmi  1835  to  time 

of  his  last  illness,  professor  of  natural  philosophy  and  astronomy  in  Yale.     Author 

of  text-books  on  natural  philosophy,  astronomy,  and  meteorology,  and  perhaps 

most  widely  kuown  by  his  papers  on  meteoric  showers. 

Biogr.  Am.  Jour.  Sei.  XXVIII,  Nov..  18.^.  pp.  109-118. 

New  Englaiuler,  August,  1859. 

Popular  Science  Monthly.  Jan.,  189.S.  pp.  401-408. 

Ohton,  Edward.    Geologist. 

Bom  in  Depoait,  Delaware  County,  N.  Y.,  March  9,  1829;  died  in  (;!olunibiis,  Ohio, 
October  16,  1899.  Studied  for  the  ministry  and  was  ordained  pai^tor  of  the  Pre*<- 
byterian  church  M  Downsville,  Delaware  County,  N.  Y.  in  1H5H  he  resigned  t«» 
become  professor  ov  natural  sciences  in  New  York  State  Normal  ScIkmjI  at  Allmny. 
Principal  of  the  prepw^nitory  department  of  Antioch  College,  in  Yellow.'springs,  Ohio, 
from  1865  to  1872,  beiL^t?  elected  to  the  presidency  of  the  college  at  the  latter  date. 
H^came  president  ^f  the  State  Agricultural  College  in  1873,  which  position  he  octu- 
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pied  until  time  of  his  death.     Became  State  geologist  of  Ohio  in  1882.     His  principal 

work  as  an  investigator  related  to  the  occurrence  and  origin  of  petroleum  and  clays. 

Biogr.  J.  J.  Stevenson.    Joum.  of  Geol.,  VIII.  No.  3, 1900.  pp.  205-213. 

Science.  Jan.  5, 1900,  pp.  1-12. 

Pop.  Scl.  Monthly,  March,  1900,  pp.  607-613. 

Amer.  Geologist,  XXV,  Apr.,  1900,  pp.  197-210. 

E.  O.  Hovey.    Eng.  &  Min.  Joum.,  XLVIII,  No.  17,  Oct.  21, 1899,  p.  485. 

Owen,  David  Dale.     Geologist. 

Bom  near  New  Lanark,  Scotland,  June  24,  1807;  died  in  New  Harmony,  Ind., 
November  13,  1860.  Came  to  America  in  1824,  but  returned  to  Scotland  in  1826, 
returning  again  to  America  in  1827.  Graduated  as  doctor  of  medicine  in  1836.  Con- 
nected with  State  geological  survey  of  Tennessee  under  Troost.  State  geologist  of 
Indiana,  1837-38.  Made  surveys  of  the  Dubuque  and  Mineral  Point  districts  of 
Wisconsin  and  Iowa,  1839-40.  In  1847,  was  appointed  United  States  geologist,  and 
<lirected  to  make  survey  of  the  Chippewa  land  district.  In  1854,  was  appointed 
State  geologist  of  Kentucky;  in  1857,  State  geologist  of  Arkansas;  in  1859,  appointed 
for  the  second  time  State  geologist  of  Indiana. 
Biogr.  American  Geologist,  IV,  Aug.,  1889,  pp.  65-72. 

Owen,  Richard.     Educator. 

Bom  in  New  Lanark,  Scotland,  January  6,  1810;  died  in  New  Harmony,  Ind., 
March  25,  1890.  Came  to  America  with  his  brother,  David  Dale  Owen,  in  1827. 
Was  chief  assistant  to  his  brother,  David  Dale,  during  explorations  of  northern 
shore  of  Lake  Suiierior.  For  a  time  professor  in  Western  Military  Institute  in  Ken- 
tucky, and  the  State  University  in  Nashville.  Professor  of  natural  sciences  in 
University  of  Indiana  from  1864  Uy  1879. 

Biogr.  Pop.  Sci.  Monthly,  XXIII,  pp.  109-113;  Pop.  Sci.  Monthly,  XXXVII.  p.  144. 

Pea  LB,  Albert  Charles.     (leologist. 

Bom  in  Hecksherville,  Pa.,  April  1,  1849.  Graduated  from  University  of  Penn- 
sylvania, M.  D.,  in  1871.  Mineralogist  and  geologist,  U.  S.  Geological  and 
Geographical  Survey  of  Territories,  1871-1879;  geologist,  U.  S.  Geological  Survey, 
1881-1898.  Since  1898  he  has  had  charge  of  paleobotanical  collections  in  U.  S. 
National  Museum. 

Percival,  James  Gates.     Geologist  and  litterateur. 

Bom  in  Kensingtcjn,  Conn.,  September  15,  1795;  died  in  Hazelgreen,  W's.,  May 
2,  1856.  Received  the  degree  of  M.  D.  in  1820,  but  never  practiced  medicine.  In 
1824,  professor  of  chemistry  at  the  West  Point  Military  Academy.  In  1835,  was 
appointinl,  in  company  with  Prof.  C.  U.  Shepard,  to  make  geological  and  mineral- 
ogical  survey  of  Connecticut.     State  geologist  of  Wisconsin,  1854-1856. 

Biogr.  Am.  Journ.  Sci.,  XXII,  18.V..  pp.  150-1. 
Geol.  Survey  of  Wisconsin.  18r)6.    Preface. 

Perry,  John  Bulkley.     Clergyman  and  geologist. 

Born  in  Richmond,  Berkshire  County,  Ma«?.,  December  12,  1825;  died  in  Cam- 
bridge, Mass.,  October  30,  1872.  (iraduateil  in  theology  from  Andover  in  1853,  and 
was  preacher  until  1867.  In  that  year  was  appointed  lecturer  on  geology  and  assi.^t- 
ant  to  Louin  Agassiz  in  paleontology  at  Harvard.  In  1869,  lei^tured  on  geology  in 
University  of  Vermont.     In  1S71,  a((ci)ted  professorship  of  geology  in  Oberlin,  Ohi<». 

Ilt-niminways  (Jazettcrr  of  Vt.,  for  19iH. 
AnuT.  Jour.  Sci..  IV.  1H72.  p.  r_M. 

Peter,  Robert.     Chemist. 

Born  in  Cornwall,  England,  January  LM,  ISOo;  (lie<lin  Ivouisville,  Ky.,  1894.  Came 
to  America  in  1821.  In  1830,  professor  of  chemistry  in  the  We.»*tern  University  of 
Pennsylvania.  In  \X'.V2,  profe.^jsor  of  chemistry  in  .Morrison  Collejre,  Lexington,  Ky. 
Also  serve<i  in  a  similar  T>osition  in  thcTransvlvania  Universitvand  in  the  Kentuckv 
School  of  Medi'.ine  at  I^>uisville.     Subse<|nent  to  18t>'>,  professor  of  chemistry  in  the 
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Kentucky  f^tate  College.  Was  at  the  hea<i  of  the  chemical  department  of  the  State 
(Teolt»gii*al  Survey,  1854-1861,  and  particularly  active  in  the  study  of  soils  and  min- 
eral waters. 

Bu»gr.  MemoriHl  Tmns.  Ky.  State  Med.  Sck*.  Ill,  189.=>. 

Potter,  William  Bleecker.     Mining  engineer  and  metallurgist. 

Bom  in  Schenectady,  N.  Y.,  March  2.S,  1846.  (Graduated  from  Columbia,  1866; 
assistant,  geology,  Columbia,  1869-1871.  Assistant  on  geological  survey  of  Ohio; 
professor  mining  and  metallurgy,  Washington  University,  St.  lx)uis,  1871.   • 

Powell,  John  Wesley.     Ethnologist  and  administrator. 

Bom  in  Mount  Morris,  N.  Y.,  March  24,  1834;  die<l  in  Haven,  Me.,  September 
23,  1902.  Serve<l  through  civil  war,  reaching  rank  of  major.  After  war,  profes- 
sor of  geology  in  Illinois  Wesleyan  University  and  Illinois  Normal  University. 
Explored  Grand  Canyon  of  Colorado,  1869.  In  1871-1879,  at  head  of  survey  of  the 
Rocky  Mountains.  In  1879,  the  Bureau  of  Ethnology  was  established  and  Major 
Powell  made  director,  a  place  that  he  held  until  his  death.  In  1881-1894,  also  director 
of  U.  S.  Geological  Survey. 

Wm.  H.  Brewer.    Am.  Jour.  Sci..  XIV.  Nov..  1902.    pp.  377-382. 
Biogrr.  O.  P.  Merrill.    Am.  GeoloxiNt.  June.  03.    pp.  327-333. 

Prime,  Frederick.     Gcnjlogist  and  metallurgist. 

Bom  in  Philadelphia,  March  1,  1846.  Graduated  from  Columbia  College,  1865, 
A.  M.  Studie<l  four  years  at  Royal  Si^hool  of  Mines,  Freil)erg,  Saxony.  Assistant 
professor  Columbia  School  of  Mines,  1869-70;  professor  geology  and  metallurgy, 
Lafayette  College,  1870-1879;  assistant  State  geologist  of  Pennsylvania,  1874-1879; 
professor  natural  history,  (Jiranl  College,  since  1895. 

PuMPELLY,  Raphael.     (Jeologist. 

Born  in  Oswego,  N.  Y. ,  Se[)tember  8,  1837.  In  1862-63,  employed  in  economic  work 
by  Japanese  and  Chinese  Governments.  In  18f>5,  appointeil  firofessor  of  mining 
engineering  in  Harvard  University.  In  1869-1871,  Stiite  geologi.<t  of  Michigan,  and, 
1872-73,  director  of  State  survey  of  Missouri.  In  1881,  director  northern  transconti- 
nental surv-ey,  and,  1884-1890,  in  charge  archean  division  of  the  U.  S.  Geological 
Survey. 

Bio^r.  Nat.  Cyclopedia.  VI.  p.  3<V2. 

Redfieli),  William  C.     Meteorologist. 

Bom  near  Middletown,  Conn.,  March  26,  1789;  died  in  New  York  City,  February 
12,  1857.  Wrote  principally  on  meteorology,  Ixang  the  author  of  some  62  paj)ers  on 
this  subject.  Also  wrote  articles  on  geology,  with  particular  reference  U)  the  ea.**tern 
Triaasic  areas. 

Biof?r.  Am.  Jour.  S<  i..  XXIII,  l«o7.  pp.  2^2-293:  XXIV.  1h.=S7.  pp.  :<.'>J>-3?3:  <'Him«lian  Nat.  A  <if«>l.. 

II,  1857.  pp.  4'2(>-44C. 
H.  L.  Fairehild.     Historv  nf  New  York  Ai'a«U*iny  of  Seieiuv.  1»>7.  pp.  7tH-«l. 

RoEPPER,  WiLLiA.M  T.     Mineralogist. 

Bom  in  Peilau,  Lower  Silesia,  March  7,  1810;  die<l  in  Bethlehem,  Pa.,  March  11, 
1880.  Came  to  Ameri(*a  in  1840  in  the  service  of  the  Moravian  C'hurch.  In  186(>, 
was  appointe<l  professor  of  mineralogy  and  geology  and  curator  of  miLseuin  in  Li»high 
University,  Bethlehem,  Pa.,  retaining  the  profes.**orship  for  three  years,  Imt  remain- 
ing curator  until  1871.  His  writings  were  mostly  of  a  mii\eralogical  nature. 
BiQgT.  Am.  Jour.  Sci..  XIX.  Ikso.  p.  S40. 

Ro<fERs,  Henry  I).\rwix.     Geologist. 

Born  in  Philadelphia,  August  1,  1808,  and  died  ne^ir  (ilasgow,  Scotland,  May  29, 
1866.  Professor  of  chemi.stry  an<l  natural  philosophy  in  I)ickins*)n  College,  18;i()-31. 
Professor  of  geology  and  mineralogy  in  University  of  Pennsylvania,  18.T)-1846. 
8tate  geologi.'-t  of  New  Jersey,  18:r>-1840;  State  g(M)logist  of  Pennsylvania,  184<>-18r>2: 
regins  professor  of  natural  history  in  University  of  Glasgow,  Scotland,  1857-18*5<i. 
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KocERs,  William  Barton.     Geologist  and  educator. 

Born  in  Philadelphia,  Pa,,  December  7,  1804;  died  in  Boston,  Mass.,  May  30, 1882. 

Professor  in  William  and  Mary  College,  1827-1835.     Professor  of  natural  histor)-, 

University  of  Virginia,  18Ji5-1853.     Director  of  the  geological  survey  of  Virginia, 

1835-1842.     One  of  the  founders  and  president  of  the  Massachusetts  Inntitut**  of 

Technology,  1862  to  the  time  of  his  death.     President  of  American  Association  for 

the  Advancement  of  Science  in  1875. 

Biogr.  Pop.  Sci.  Monthly.  IX,  1876,  pp.  60&-611. 

Life  and  Letters  of  W.  B.  Rogers,  The  Riverside  Press,  Cambridge.  Ma.ss. 

Homing ER,  Carl  Ludwig.     Physician  and  paleontologist. 

Born  in  Schnaitheim,  Wurttemberg,  Germany,  December  31,  1820.  Graduated 
from  University  of  Tubingen  in  1839.  Assistant  in  chemical  laboratory  of  same  uni- 
versity, 1842-1845.  In  1845-1848,  studied  geological  structure  of  various  countries  of 
Europe.  Came  to  United  States  in  1848  and  practiced  medicine  in  Cincinnati  for 
twenty-five  yeans.     In  1870-1883,  director  of  the  geological  survey  of  Michigan. 

RuFFiN,  Edmund.     Agriculturist. 

Born  in  Prince  George  County,  Va.,  January  5,  1794;  died,  June  17,  1865.  Wrote 
principally  on  soils  and  manures.     For  a  time  agricultural  sun'eyor  of  South  Can>lina. 

Russell,  Israel  Cook.     Geologist  and  geographer. 

Born  in  Garrattsville,  N.  Y.,  December  10,  1852.  Graduate<l  from  New  York 
University.  Postgraduate  studies  in  School  of  Mines,  Columbia.  Meml)er  W  S. 
Transit  of  Venus  expedition  to  New  Zealand,  1874-75;  assistant  in  geology,  Colum- 
bia, 1875-1877;  assistant  geologist  on  U.  S.  Geological  and  Geographical  Survey  west 
of  one-hundredth  meridian,  1878;  geologist  U.  S.  Geological  Sur\'ey,  1880-1892;  pn)- 
fessor  of  geology.  University  of  Michigan,  since  1892. 

Safford,  James  Merrill.     Geologist. 

Born  in  Putnam  (now  Zanesville),  Ohio,  August  13,  1822.  (Graduated  from  Ohio 
University,  at  Athens,  in  1844.  Professor  of  natural  science  at  Cumberland  Uni- 
versity, Lebanon,  Tenn.,  from  1848  to  1872.  State  geologist  of  Tennessee,  1854-lStJO 
and  1871-1889.  For  twenty-five  years  professor  of  geology  in  Vanderbilt  University, 
1875-1900. 

S(^ii{)olc:raft,  Henry  Rowe.     Explorer. 

Born  in  Albany  County,  N.  Y.,  March  28,  1793;  died  in  Washington  City,  December 

10,  1864.     Was  trained  as  land  surveyor  and  l)ecame  early  connected  with  western 

exploring  expeditions.     Was  naturalist  and  mineralogist  on  the  expedition  to  explore 

the  sources  of  the  Mississippi  River  and  investigate  the  copper  deposits  of  l^ke  Sujie- 

rior,  1820-1822.     Traveled  extensively  in  central  portions  of  the  Mississippi  Valley  in 

1^*24-25.     In  charge  of  an  exj)edition  to  upper  Mississippi  Valley  in  1832.      Be^ 

known  as  traveler  and  explorer,  but  his  notes  contain  much  material  which  at  the 

time  was  of  geological  interest  and  imjx)rtance. 

Biogr.  Pop.  Sci.  Monthly,  May,  1890,  pp.  113-121. 
National  Magazine,  Jan.  18.^5. 

Sci'DDER,  Samtkl  HrnBAKi).     Eutomologist  and  palcoutologist. 

Born  in  Boston,  Mm<s.,  April  l.S,  1S.S7.  (iraduate<l  from  Williams  College,  1H57: 
Lawrenct'  Scientific  School,  B.  S.,  lHf>2.  Assisted  lx)uis  Agaa^^iz  in  Museum  <'f 
Comparative  Zoology,  Harvard,  1S()2-1S64;  secretary  Boston  S(K'iety  of  Natiinil 
History,  1802-1870;  j)resi<leiit  of  same,  188(>-1SS7.  Paleontologist,  V.  S.  (teolojn*-:*' 
Survey.     Vohuninous  writer  on  living  and  fossil  insect.s. 

Sklwyn,   .\lfrki)  Hk'hari)  Ck(  il.     Strati^niplne  geologist. 

Born  in  Kilniiiigton,  Somersetshire,  Kngland,  July  28,  18l?S;  died  in  Vaneoiiwr. 
British  Colum))ia,  Octoln^r  19,  1902.  Assistant  geologist  on  geological  survey  "' 
(ireat  Britain  from  1845  to  18.'>2.  In  18.'>.S,  appointi'*!  to  innlertako  gt»oh>gical  surwy 
of  Victoria,  Australia;  also  made  r(»jK»rt  on  Tasmanian  coal  and  gold  fields,  an<l  ii» 
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1S59,   made  survey  of  South  Australia.     In  1869,  succeeded  Sir  William  Logan  as 

flirector  of  geological  survey  of  (Canada.     In  1871,  undertook  exploring  expedition 

into  British  Columbia.     His  publications  number  more  than  eighty  lx>ok8  and  p>am- 

phlets  on  geological  subjects. 

Biogr.  Henry  Woodward.    Geological  Magazine,  London,  Feb.,  1899,  pp.  49-55. 
H.  M.  Ami.    American  Geologist,  XXXI.  No.  1,  Jan.  1908,  pp.  1-21. 

Sif  ALER,  Nathaniel  Southgate.     Geologist  and  educator. 

Bom  in  Newport,  Ky.,  February  20,  1841.  Graduated  from  Harvard  in  1862. 
Instnictor  zoology  and  geology  Lawrence  Scientific  School,  1868-1872;  professor 
paleontology,  1868-1887,  and  sin(^  then  professor  geology.  Harvard  University; 
director,  Kentucky  geological  survey,  1873-1880. 

Shbpard,  Charles  Upham.     Mineralogist. 

Bom  in  Little  Compton,  R.  I.,  June  29,  1804;  diet!  in  Charleston,  S.  C,  May  1, 
1886.  (graduated  from  Amherst  College  in  1824.  Assisted  Professor  Silliman  at  Yale 
College,  1827-1845.  State  mineralogist  of  Connecticut,  18:^5-1837;  1845-1852;  and 
1861-1877,  professor  of  chemistry  and  natural  history  in  Amherst  College,  Massachu- 
setts. During  1854-1861  and  18()5-1869,  professor  of  chemistry  at  South  Carolina 
Medical  College,  Charleston. 

Biogr.  Am.  Joum.  Science,  XXXI,  1886,  p.  482. 

Shumard,  Benj.\min  Franklin.     Paleontologist. 

Bom  in  Lanca^er,  Pa.,  November  24,  1820;  died  in  St.  Louis,  Mo.,  .\pril  14,  1869. 

Educated  as  a  physician,  but  early  l^ecame  intere8te<l  in  {)aleontology.     Contributed 

to  Owen's  Report  on  the  Geology  of  Wisconsin,  Iowa,  and  Minnesota.      In  1850, 

accompanied  Doctor  Kvans  on  his  geological  reconnaissance  of  Oregon.     In  1853,  was 

appointed  assistant  geologist  and  paleontologist  of  the  Missouri  geological  survey 

under  G.  C.  Swallow.  State  geologist  of  Texas,  1858-1861.     His  work  was  almost 

wholly  of  a  paleontologic^l  nature. 

Biogr.  Amer.  Geol.,  IV.  No.  1.  July.  1.H99,  pp.  1-ti. 
Ani.  Journ.  St'ienof  and  Arts.  XLVIII,  1S69.  p.  'iW. 

SiLLLMAN,  Benjamin.     Chemist  an<l  educator. 

Born  in  New  Stratford  (now  Trumbull),  (/onn.,  August  8,   1779;  died  in  New 

Haven,  Conn.,  November  24,  1864.     Professor  of  chemistry  and  natural  history  at 

Yale  College,  New  Haven,  Conn.,  1802-1853.     Founded  the  American  [Silliman'.M] 

Journal  of  Science  in  1818.     Wan  noteil  as  teacher,  i)ul)lic  lecturer,  and  writer  more 

than  an  original  investigator. 

Am.  Journ.  of  Science  and  Arts,  XXXIX,  May,  1865,  p.  \. 
George  P.  Fisher.    Life  of  Benjamin  Silliman.  N.  Y.,  Scribner  Si  Co.,  1866. 
Memoir  of  BtMijarain  Silliman  by  Alexis  Caswell.     Mem.  Nat.  Aead.  of  S<*i..  J,  1877. 
Biogr.  Pop.  Sci.  Monthly,  XXIII.  .Mine.  iXKi,  pp.  i^iVififi. 

Silliman,  Benjamin,  Jr.     Chemi.^t. 

Bom  in  New  Haven,  Conn.,  December  4,  1816;  die<l  in  New  Haven,  January  14, 
1885.  In  1837-1846,  a.s8istant  professor,  and  1837-1885,  profess(^)r  of  chemistry  at  Yale 
College. 

Smith,  C.  D.     Clergyman. 

Born  in  Buncombi*  County,  N.  C,  April  1,  1813.  By  profession  a  Methotlist 
clergyman,  but  during  a  jxjrt ion  of  1859  and  18()()  was  <*onnecte<l  with  the  jjeological 
survey  of  North  Carolina  under  Ebenezer  Emmons.  Was  also  for  a  tirat  -onnecte<i 
with  the  State  survev  under  \V.  C.  Kerr. 

* 

Smith,  Eugene  Allen.     (ieologM. 

Born  in  Washington,  Autauga  County,  Ala.,  October  27,  1841.  (iraduateil  from 
University  of  Alabama,  18()2.  In  lSii.V-1868,  studie<l  in  (iemiany,  ri'turning  to  America 
and  becoming  as.sistant  to  Dr.  (Jeorge  Little  on  geological  survey  of  Mississippi.  In 
1871  l)ecame  ])n>fessor  of  geology  and  mineralr>gy  in  University  of  Alal>anui,  and  in 
1873  was  a()pointe<l  State  geologist,  which  |M>siti(m  he  still  holds. 
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Smith,  John  Lawrence.     Mineralogical  chemist. 

Bom  in  Charleston,  S.  C,  December  17,  1818;  died  in  Louisville,  Ky.,  October  12, 
1883.  Practicing  physician  in  Charleston,  S.  C,  and  State  assayer  for  North  and 
South  Carolina.  Mining  engineer  to  the  Turkish  Government,  1846-1850.  Com- 
missioner to  Paris  Exposition  in  1867.  Published  many  papers  on  the  chemical  com- 
position of  American  minerals  and  was  an  authority  on  the  subject  of  meteorites. 

Biogr.  Pop.  Sci.  Monthly,  VI,  Dec.  1874,  pp.  233-236. 

Biogr.  Benj.  Silliman.    Nat.  A(md.  Sci.,  Biogr.  Memoire.    II,  1886. 

Squire,  Joseph.     Mining  engineer. 

Bom  in  England.  Came  to  America  at  age  of  18.  Employed  in  works  of  Pealxxly 
Furnace  Company,  at  Providence,  R.  1.,  where  he  learned  mining.  Sulisequently 
moved  to  Kansas.  In  1859,  went  to  Alabama  and  became  engage<l  in  coal  mining 
and  the  work  of  a  mining  engineer.  After  1879  was  employed  part  of  the  time  by 
State  geological  survey. 

Stevenson,  John  James.     Greologist  and  educator. 

Bom  in  New  York  City,  October  10,  1841.  Graduated  from  New  York  Tniver- 
sity  in  1863.  United  States  geologist,  1873-74;  with  Wheeler  survey  west  of  one- 
hundredth  meridian,  1878-1880;  geologist  of  Pennsylvania  geological  8ur^'ey, 
1875-1878,  1881-82;  professor  of  geology.  New  York  University,  since  1871. 

Swallow,  (teor(}e  Clinton.     Stratigraphic  geologist. 

Bom  in  Buckfield,  Oxfoni  County,  Me.,  in  1817;  died  at  Evanston,  111.,  April  20, 
1899.  Lecturer  on  botany  as  applied  to  agriculture  an<l  mechanical  arta  at  Bowdoin 
College,  1843;  principal  of  Brunswick  Female  Seminary,  1843-1849;  principal  of 
Hampden  Academy,  Maine,  1849;  professor  of  chemistry,  geology,  and  mineralogy 
of  the  University  of  the  State  of  Missouri,  1851-1853;  State  geologist  of  Missouri, 
1853-1861 ;  professor  of  chemistry  and  natural  science  in  the  L^niversity  of  Missouri, 
1857-58;  assistant  geologist  of  Kansas,  1864;  State  geologist  of  Kansas,  1865-66;  pro- 
fessor of  agriculture  in  the  Agricultural  and  Mechanical  College  of  Missouri,  1870; 
professor  of  botany,  compwirative  anatomy,  and  physiology  in  medical  school  of  Uni- 
versity of  Missouri,  1872;  professor  of  natural  sciences  and  dean  of  the  Agricultural 
and  Mechanical  College  up  to  1882;  State  inspector  of  mines  of  Montana,  1888-89. 
Biofcr.  American  Geologist,  XXIV,  July,  1899,  pp.  1-6. 

Taylor,  Richard  Cowling.     Geologist  and  mining  engineer. 

Bom  in  Hinton,  Suffolk,  England,  January  18,  1789;  die<l  in  Philadel])hia,  Pa., 
October  26,  1851.     Came  to  America  alx)ut  18:^. 

Teschemacher,  James  Enolebert.     Paleobotanist. 

Bom  in  Nottingham,  England,  June  11,  1790;  die<l  in  Boston,  Mass.,  1853.  Came 
to  America  FeV)ruary  7,  1832,  and  settle*!  in  Boston.  A  business*  man  with  scientific 
tendencies. 

TnoMi*8ox,  Zaixx;k.     Clergyman. 

Born  in  Bridgewater,  Vt.,  May  23, 1796;  died  in  Burlington,  Vt.,  January  19,  1856. 
First  l>ecaine  note<l  as  a  compiler  of  almanacs  and  from  his  publication  of  a  gazetteer 
of  Vermont,  which  appeared  in  1826.  AK«istant  on  State  geological  survey  of  Ver- 
mont, lH4r>-lH47.     State  naturalist  of  Vermont,  1853-1856. 

BioKf.  I'op.  Sci.  Monthly.  Dec.  IIHM.  pp.  '262-2<)7. 

Am.  .lourn.  Sri..  .XXII,  1H.V),  j.p.  44-49. 

<;.  H.  I'crkin.s.     AincricHM  (n-ologist,  XXIX.  No.  2.  iy02,  pp.  tVy-ll. 

Trask,  John   Hoakom.w.     Surgeon. 

Horn  in  Koxl)nrv,  Mass.,  1S24;  d'wd  in  San  FrancisK'o,  Cal.,  July  3,  1879.  Fxiu- 
catcd  at  Vale.  One  «»f  the  <'liarter  inenilH»rs  of  the  Academy  of  Natural  Scien<*es  of 
San  Fnineisco.  (leolo^ist  on  boundary  survey  In'tween  Mexien,  California,  and 
Nevada;  State  geologist  of  California  in  early  liftiea.  .Assistant  surgeon  of  voluntt'erv 
in  civil  war. 

A.  W.  Vogilcs.  .»<Hii  Diego,  Cal, 
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Troost,  Gerard.    Chemist  and  geologist. 

Bom  in  Bois-le-Due,  Hollan<l,  March  15,  1776;  diecl  in  NaHhville,  Tenn.,  August 
14,  1850.  Came  to  the  United  States  in  1810  and  was  one  of  the  founders  of  the 
Philadelphia  Academy  of  Natural  Sciences  in  1812;  chosen  its  first  president.  In 
1821,  was  appointed  professor  of  mineralogy  in  Philadelphia  Museum,  and  profes- 
sor of  chemistry  in  the  Philadelphia  College  of  Pharmacy.  Professor  of  chemistry, 
geology,  and  mineralogy  in  University  of  Nashville,  Tenn.,  1828-1850.  State  geolo- 
gist of  Tennessee,  1831-1850. 

BUigr.  .\ppleton'8  Cylo.  of  Amer.  Blog. 

L.  C.  Glenn.    Amer.  Geol.,  XXXV,  No.  2, 1905,  pp.  72-W. 

TuoMEY,  Michael.     Geologist. 

Born  in  Cork,  Ireland,  September  29  (St.  MichaePs  Day),  1805;  <iied  in  Univer- 
sity, Ala.,  M^trch  30, 1857.  Came  to  America  when  about  17  years  of  age  and  became 
a  teacher  on  the  eastern  shore  of  V^irginia,  but  afterwards  went  to  Troy,  N.  Y.,  and 
was  graduated  from  Rensselaer  Institute.  State  geologist  of  South  Carolina  in  1844. 
In  1847,  was  appointed  professor  of  geology,  mineralogy,  and  agricultural  chemistry  in 
the  University  of  Alal)ama,  and  m  1848,  was  ap)>ointed  State  geologist  without  salary. 
In  1854,  relinquishe<l  his  pn)fe88or8hip  at  the  University  in  order  that  he  might  give 
all  his  attention  to  the  survey. 

Biogr.  Amer.  Geol.,  XX,  Oct.  1897.  pp.  206-212. 

Tyson,  Philip  Thomas.     Chemist. 

Bom  in  Baltimore,  Md.,  June  23, 179^);  die<l  there  DecemlH»r  16,  1877.  State  agri- 
cultural chemist  of  Maryland  1858. 

Van  Rensselaer,  Stephen.     Patron. 

Born  in  N^w  York  City,  November  7, 1765;  <iied  in  Albany,  N.  Y.,  January  26, 18S9. 
Established  the  Rensselaer  Polytechnic  Institute  in  Troy,  N.  Y.,  in  1826.  A  general 
patron  of  the  sciences  and  the  pioneer  of  American  geological  gur\'ey8,  Eaton's  early 
work  on  the  geology  of  the  Erie  Canal  rc»gion  l)eing  carried  on  at  his  expense. 

Biogr.  Amer.  Jour.  Soi.,  XXXVI,  1839,  pp.  Ih6-U'A. 

Vanuxric,  Lardner.     Chemist  and  stratigrapher. 

Bom  in  Philadelphia,  Pa.,  July  23,  1792;  died  in  Bristol,  Pa.,  January  25,  1848. 
Professor  of  chemistry  and  geology  in  Columbia  College,  S.  C,  from  1820  to  1826.  In 
chaiige  of  third  district  New  York  survey  from  18.36-1842. 

Bioflrr.  Pop.  8ci.  Monthly.  April,  18»f>.  pp.  83»-H4o. 

Wachsmuth,  Charles.     Paleontologist. 

Bom  in  Hanover,  (Jermany,  September  13,  1829;  died  in  Burlington,  Iowa,  Fel>- 
ruary  7,  1896.  Came  to  America  in  1852  and  entered  uj)on  a  menrantile  career,  l>ut 
going  West  for  his«  health  U>ok  up  scientific  pursuits,  in  which  hecontinue<l  until  his 
death.  For  several  years  a.<«istant  to  ]x>uis  Agaa««iz  in  the  Museum  of  Comparative 
ZooUigy. 

Biogr.  Cha.s.  R.  Keycs  in  American  (ieologist,  XVII,  IH%,  pp.  131-13ii. 

Walcott,  Charles  Doolittle. 

Bom  in  New  York  Mills,  N.  Y.,  March  31,  1850.  Became  a.ssistant,  New  York 
State  survey,  1876.  Coime<*ted  with  V.  S.  Geological  Survey,  as  geologist  and  paleon- 
tologist since  1879,  and  as  Director  since  1894.  From  January,  1897,  to  July,  1898, 
Acting  Assistant  Secretary  of  Smithsonian  Institution.  The  Cambrian  rocks  and 
faunas  of  the  United  States  have  been  his  esj>ecial  subj(*<*ts  of  research. 

WnrrE,  Charles  Abiathar.     Paleontologist  and  stratigrapher. 

Bom  in  North  Dighton,  Mass.,  January  26,  1826.  Graduated  from  Iowa  CX>1  lege. 
State  geologist  of  Iowa,  1866-1870;  professor  Iowa  State  University,  1867-1873;  pro- 
fessor Bowdoin  College,  Maine,  187.*i-1875;  geohigist  and  paleontologist  to  various 
United  States  (Government  surveys,  1874-1892.  Connecte<l  with  the  V.  S.  National 
Museum  .Mince  1876. 
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White,  Israel  C.     Geologist. 

Born  in  Monongalia  County,  W.  V^a.,  November  1,  1848.  Gradua  ed  from  W« 
Virginia  University,  1872,  A.  M.;  assistant  geologist,  Second  Geological  Survey.  PeM- 
sylvania,  1875-1884;  on  U.  S.  Geological  Survey,  1884-1888;  professor  of  geologj, 
West  V^irginia  University,  1877-1892.  Specialist  in  coal,  petroleum,  and  natural  pi. 
State  geologist  of  West  Virginia  since  1897. 

W^HiTFiELi),  Robert  Parr.     Paleontologist. 

Bom  in  New  Hartford,  Oneida  County,  N.  Y.,  May  27,  1828.  AsBistant  in  paleoo- 
tology  on  New  York  State  natural  history  survey,  1856-1876;  U.  S.  Geological  SunvT. 
1872;  teacher  and  professor  of  geology,  Rensselaer  Polytechnic  Institute,  Tniy,  N.  Y.. 
1872-1878;  since  1877,  curator  of  geological  department,  American  Museiun  Natunl 
History. 

Whitney,  Josiah  D wight.     Greologist. 

Born  in  Northampton,  Mass.,  November  23,  1819;  died  in  New  London,  N.  H.. 
August  19,  1896.  Graduated  at  Yale,  1839.  In  1840-1842,  assistant  to  Jackstm  in 
geological  survey  of  New  Hampshire.  In  1847-1851,  on  survey  of  mineral  lands*  ijI 
Lake  Superior  district.  In  1855,  appointed  State  chemist  of  Iowa  and  profesForin 
State  University.  In  1858-59,  associated  with  James  Hall  on  geological  sune}  ol 
Iowa.  In  1858-1860,  with  Hall  on  geological  survey  of  Wisconsin.  In  1860-1S74, 
State  geologist  of  California.  From  1865  to  his  death,  the  Sturgis  Hooper  profeswr 
of  geology.  Harvard  University,  Cambridge,  Mass. 

Whittlesey,  Charles.     Stratigraphical  geologist  and  archaeologist. 

Born  in  Southington,  Conn.,  October  4,  1808;  died  in  Cleveland,  Ohio,  October  18. 
1886.  Graduated  from  West  Point  in  1831;  resigned  from  army  at  close  of  BUok 
Hawk  War,  and  from  that  time  to  1837  practiced  law.  In  1837-1 839,  aflsL^tant  to 
W.  W.  Mather  in  survey  of  Ohio,  acting  as  topographer,  geographer,  and  geologi^1. 
In  1844,  geologist  in  exploration  of  copper  region  of  Michigan.  In  1H47-1S.'>1, 
eniploye<l  in  United  States  Hurvey  of  country  around  Lake  Superior  and  upptr  Mi- 
siftsipjn  with  reference  to  miuew.  In  1H49,  1H50,  1858,  explored  valley  <^»f  Menomimr 
Kivcr  and  north  shore  of  Lake  Superior.  In  1848,  connected  with  1).  D.  Outn* 
Hurvey  of  northern  Wisconsin.  In  1858-59,  made  geological  surveys  of  \Vistnjni.ir., 
and  in  IH^K),  assiste^l  JanicH  Hall  in  survey  of  same  State.  From  1S67  to  tiiiif  if 
death,  devoted  to  promotion  of  Western  Reserve  and  Northern  Ohio  Hi.*tori»-ii 
Society,  of  which  lie  was  president;  voluminous  writer  on  geology  and  archa'olii:) ff 
Northwest. 

Biogr.  A.  WliH'hell,  American  G(M)l()Kl'*t,  IV.  1889.  pp.  2r)7-6«. 

Wi(;ht,  O.  W.     Physician. 

State  geoloj^ist  of  Wisconsin  1875,  succeedifi^  Liphani,  an<l  him.<H»lf  suceee<le<l  )'y 
Chamberlain.     Made  but  one  report. 

WiNCHELL,  Alkxandek.     (let)logist  and  educator. 

Born  in  Northeast,  N.  Y.,  DecenilHT  .SI,  1824;  <lied  in  Ann  Arbor,  Mich..  Febni- 

ary  19,  1891.     Hepui  life  as  a  teacher.     On  October  5,  18.5(),  t<)ok  charge  of  an  ul^I- 

emy  at  NewlnTii,  (ireeiie  ('ounty,  Ala.     In  18.51,  opened  the  Mesoix)tainia  Feiiial'' 

Seminary  ill  Kutaw,  Ala.     In   1853,  became  president  of  the  Masonic  Univer-ityat 

Selma,  Ala.     On  November  UJ,  185;i,  was  app(^>inte<l  i)rofe8sor  of  jdiysics  and  civ;: 

en^niieering  in  the  University  of  Michigan,  entering  upon  his  duties  January  24,  IsM. 

In  18,5'),  became  prolessor  ot  geolojry,  zoology,  an<l  l)otany  in  the  university.     Siair 

Keolotrist  of   Michiiran,  18.59-1861   and   18H9-1871.     Chancellor  of  Syracuse  Tiuvk- 

sity,  1871^74;  professor  of  geology,  Syracuse  University,  1874-75.     Conm»cted  wnti 

N'anderbilt   University,   in   Nashville,  Teiin.,   1875-1878.     Pn>fes.sor  of  gt^>l<»j:y  aii-l 

paleontology  111  Ann  Arlxjr,  Mich.,  1879-1891.     Professor  Winchell  was  one  «'i  th?- 

lH»st  known  of  popular  writers  and  lecturers  in  geology. 

Hull.  Geol   8<K'.  (»f  America,  III,  18yi,  pp.  3-1:^  'A'^b9. 
Ainer.  t,vu\.,  IX.  Is^-J,  pp.  71-148, 
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WiNCHELL,  Newton  Horace.    Geologist. 

Bom  in  Northeast,  N.  Y.,  December  17,  1839.  Employed  on  (geological  suney  of 
Michigan  in  1860;  gradoated  from  University  of  Michigan,  1866;  assistant  State  geol- 
olgiet  of  Michigan,  1869-70;  assistant  geological  survey  Ohio,  1870-1872;  eilitor 
American  Geologist,  Minneapolis;  professor  of  mineralogy  and  geology,  University 
of  Michigan,  and  State  geologist,  1872-1900. 

Wing,  Augustus.     Clei^gyman  and  teacher. 

Bom  in  Rochester,  Vt.,  November  19, 1808;  die<l  in  Whiting,  Vt.,  January  19, 1876. 
Educated  as  a  clei^gyman,  but  soon  left  the  profession  to  become  a  teacher  and  inves- 
tigator. Published  practically  nothing,  but  made  very  exhaustive  studies  of  the 
limestone,  slates,  and  quartzites  of  the  Otter  Creek  Valley,  with  a  view  of  settling 
their  geological  age.  His  results  were  communicated  to  Dana,  who  utilized  them  in 
his  papers  upon  the  Taconic  <iuestion. 

Biogr.  American  Geologist,  XXVIII,  1901,  pp.  1-8. 

WisLiZENUs,  Frederick  Adolphits.     Physician. 

Bom  in  Koenigsee,  in  Schwarzburg-Rudolstadt,  Germany,  May,  1810;  died  in 
St.  Louis,  Mo.,  September  22,  1889.  Gra<luated  from  University  of  Zurich  in  1834. 
Came  to  America  in  1837,  settling  in  St.  I^ouis.  His  geological  work  chiefly  result 
of  expedition  into  Mexico,  report  of  which  appeare<l  in  Washington  in  1848. 

Worth  EN,  Amos  Henry.     Paleontologist. 

Bom  in  Bradford,  Orange  County,  Vt.,  October  31,  1813;  died  in  Warsaw,  111., 
May  6, 1888.  Began  life  as  a  merchant  at  Warsaw,  111.  Assistant  to  J.  G.  Norwood, 
State  geologist  of  Illinois,  in  1853.  Assistant  to  Prof.  James  Hall,  State  geologist  of 
Iowa,  1855-1857.  State  geologist  of  Illinois  from  1858-1888,  and  curator  of  the  State 
Natural  History  Museum  from  1877.  His  work  was  mainly  of  a  paleontological  and 
stratigraphic  nature,  and  related  principally  t4)  the  Carboniferous  series. 

,  Biogr.    Chas.  A.  White,  Mem.  Nat.  Aoad.  Soi.,  Nov.  1H*»»,  pp.  341-362. 

K.  O.  Ulrich,  American  Geologist.  Ang.  1«88.  pp.  114-117. 

Wright,  Charles  E.     Geologist. 

Bom  in  Copenhagen,  Lewis  County,  N.  Y.,  Octol>er  7,  1843;  died  in  Marquette, 
Mich.,  March  22,  1888.  Began  life  as  a  civil  engineer,  afterwards  turning  his  atten- 
tion to  geology  and  mining  engineering.  Commissioner  of  mineral  statistics  for 
Michigan,  1876-1883.  State  geologist  of  Michigan,  1884-1888.  His  work  was  limited 
mainly  to  the  mining  regions  of  northern  Michigan. 
Biogr.  American  Geologb^t.  II.  1HH8.  pp.  307-312. 

Wright,  George  Frederick.     (Clergyman  and  glacual  geologist. 

Bom  in  Whitehall,  N.  Y.,  January  22,  1838.  By  ])rofessi(>n  a  clergyman,  and  in 
1871  pastor  of  a  Congregational  church  in  Andover,  Mass.  In  1881,  professor  of  New 
Testament  Exegesis  in  01x»rlin  Theological  Seminary.  Has  written  extensively  on 
glacial  subjects,  his  most  pretentious  work  l>eing  his  Ice  Age  in  North  America. 

WiTRTz,  Hexrv.     Chemist. 

Born  in  east*'rn  Pennsylvania,  June  5,  1828.  Graduated  from  Princeton  in  1848. 
In  1851,  became  instructor  in  Yale  scientific  school.  In  185:^1855,  chemist  of  tlie 
geological  survey  of  New  Jersey. 

Wyman,  Jeffries.     Anatomist  and  vertebrate  paleontologist. 

Bom  in  Chelmsfonl,  Mass.,  August  11,  1814;  died  in  Bethlehem,  N.  H.,  Septem- 
ber 4,  1874.  Graduated  from  Harvanl  in  1833  and  studie<l  and  practi(»eti  medicine. 
Professor  of  anatomy  and  physiology  at  Ham]>den  Sidney  College  at  Richmond,  Va., 
1843-1847.  From  1847  to  time  of  his  death,  Hersey  professor  of  anatomy  at  Har- 
vanl C/ollege,  Cambridge. 

liiogr.  A.  S.  Pai^kani,  Nat.  Acad.  Sci.,  Biog.  Memoirs,  II.  1KS6. 
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